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AR YL AND HEIERO AR YL MORPHODNE DERIVATIVES 

Hiis invention relates to novel aiyl and heteroaiyl moipholine compounds, 
and to dieir use in selectively inhibiting noiepinephnne reuptake. 
5 Selective inhibition of norepinephrine reuptake is a relatively new mode of 

action for the treatment of affective disordears. Norepinephiine appears to play an 
important role in the disturbances of vegetative function associated with affective, 
anxiety and cognitive disorders. Atomoxetine hydrochlonde is a selective inhibitor 
of norepinephrine rei^take, and is marketed for the treatment of attention deficit 
1 0 hyperactivity disorder (ADHD). Reboxetine is also a selective norepinephrine 
reuptake inhibitor, and is marketed for the treatment of depression. W099/1S177 
discloses the use of Reboxetine to treat ADHD and WOOl/01973 discloses die use 
of S,S-Reboxetine to treat ADHD. 

According to the present invention there is provided a compound of formula 

15 (0 

Ar, 



Rz 
Rz 

Rz 



0) 
wherein 
RxisH; 

RyisHorCi-C4alkyl; 
2 0 each Rz is ind^endmtly H or C1-C4 all^; 
XrepresentsO; 
Yiepresents OH<»-OR; 
RisCi-C4alkyl; 

Arj is a phenyl ring or a 5- or 6-membered heteroaryl ring each of which may be 
2 5 substituted with 1 , 2, 3, 4 or 5 substituents (depending upon the number of available 
substitution positions) each independently selected from C1-C4 alkyl, 0{Ci'<l4 
alkyi), S(Ci-C4 alkyl), halo, hydroxy, pyridyl, tfaiophmyl and phenyl optionally 
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substituted with 1, 2, 3, 4 or 5 substituaits each indqjendaitly selected bom halo, 
C1.C4 alJcyl, or 0(Ci-C4 alkyl); and 

A12 is a phenyl ring or a 5- or 6-membaed heteroaryl ring each of which may be 
substituted with 1, 2, 3, 4 or 5 substituents (depending iqxMi the number of available 
5 substitution positions) each independently selected from -C4 alkyl, 0(Ci-C4 
alkyl) and halo; 

wherein each above-mentioned C1-C4 alkyl group is optionally substituted with one 
or more halo atoms; 

or a pharmaceutically acceptable salt thereof. 
10 In a preferred embodiment of the present invention, fteie is provided a 

compound of formula (I) above wherein: 

Arj is phenyl, pyridyl, pyrimidyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, 
thi«^enyl, furanyl, imidazolyl, triazolyl, oxadiazolyl or fliiadiazolyl, each of which 
may be substituted with 1, 2, 3, 4 or 5 substituents (depending upon the number of 
15 available substitution positions) each independently selected from C1.C4 alkyl, 
0(Ci-C4 alkyl), S(Ci-C4 alkyl), halo, hydroxy, pyridyl, thiophenyl and phenyl 
optionally substituted witii 1, 2, 3, 4 or 5 substituents each independently selected 
from halo, C1-C4 alkyl, or 0(Cl-C^^ allqrl); and 

A12 is phenyl, pyridyl, pyrimidyl, thiazolyl, isothiazolyl. oxazolyl, isoxazolyl, 
20 thiophenyl, fimmyl, imidazolyl or triazolyl each of which may be substituted with 1, 
2, 3, 4 or 5 substituents (depending upon the number of available substitution 
positions) each independently selected from C1-C4 alkyl, 0(Ci-C4 alkyl) and halo; 
wherein each above-mentioned C1-C4 alkyl group is optionaUy substituted with one 
or more halo atoms. 

25 For the conqwunds of formula CD above, it is preferred that An is a phenyl 

ring or a 5- or 6-mMnbered hetacoaryl ring substituted with 1, 2, 3, 4 or 5 

substihients, more preferably with 1 or 2 substituents. 

For the compounds of formula CD above, when Ati is a substibjted phenyl 

ring or a substituted 5- or 6-membered heteroaryl ring, it is preferred that not more 
30 than one of those substituents is a pyridyl, thiophenyl or optionally substituted 

phenyl group. 
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Piefeired compounds of fonnula (I) above aie those wherdn Axi includes a 
substituent attached at the 2-position. That is, the substituent is attached to the atom 
adjacent to that which fonns the point of attachment of Ati to tiie methjiene group 
connecting Ari to the rest of Hit molecule. For example, whm Ari is phenyl, it is 
5 preferably oitho-substituted 

In a further preferred eml>odiment of the present invention, there is provided 
a compound of formula OD nbove wherein 
RxisH; 

RyisH(M-Ci-C4alkyl; 
1 0 each Rz is independently H or C1-C4 alkyl; 
X represents O; 
Y represents OH or OR; 
R is C1-C4 alkyl; and 

Ari and A12 are each indq)endently selected from the group consisting of phenyl, 
1 5 and substituted phrayl; and phaimaceutically acceptable salts tiiereof . 

In this further preferred embodimrat, the group Axi may be substituted or 
unsubstituted phenyl. For example, Ari may be unsubstituted phenyl or, preferably 
phenyl substituted with 1, 2, 3, 4 or 5 substituents, preferably with 1 or 2, for 
exanq>le 1, substituent When disubstituted, the substituted phenyl group is 
2 0 preferably substituted at the 2- and S- positions. When monosiibstituted, tiie 
substituted phenyl group is |Meferably substituted in the 2- position. Suitable 
substituents include C1-C4 alkyl, 0(Ci-C4 alkyl), S(Ci-C4 alkyl), halo, and 
phenyl, optionally substituted with, for example, halo, C1-C4 alkyl, or 0(Ci<;4 
alkyl). 

25 In this further preferred embodiment, the group Ar2 may be substituted or 

unsubstituted phenyl; For example, Arz may be phenyl substituted with 1, 2, 3, 4 or 
5 substituents, preferably with 1 substituent. Suitable substituents include C1-C4 
dlkyl, 0(Ci-C4 alkyl), and especially, halo. 

'*Ci-C4 alkyl" as used herein mcludes straight and branched chain alkyl 

30 groups of 1, 2, 3 or 4 carbon atoms, and may be unsubstituted or substituted. C1-C2 
alkyl groups are preferred Suitable substituents include halo, especially CI and/or 
F. Thus the term ''C1-C4 alkyr includes haloalkyl. A particularly prefraed 
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substituted C1-C4 alkyl group is trifluoromethyl. Similar teims dejBning different 
numbers of C atoms (e.g. "C1-C3 alkyl") take an analogous meaning. When Ry is 
C1-C4 alkyl it is preferably unsubstituted. When Rz is Ci<:4 alkyl it is preferably 
unsubstituted. When R is C1-C4 alkyl it is preferably unsubstituted. 
5 "5-membered heteroaryl ring" as used hCTein means a 5-membeied aromatic 

ring including at least one heteroatom independently selected from N, O and S. 
Preferably tb^e are not more than three heteroatoms in total in flie ring. More 
preferably there are not more than two heteroatoms in total in the ring. More 
preferably there is not more than one heteroatom in total in the ring. The term 

1 0 includes, for example, the groups thiazolyl, isothiazolyl, oxazolyl, isoxazoljd, 
thiophenyl, furanyl, pyrrolyl, imidazol)!, triazolyl, oxadiazolyl and thiadiazolyl. 

"6-membered heteroaryl ring" as used herein means a 6-membered aromatic 
ring including at least one heteroatom independently selected ftom N, O and S. 
Preferably there arc not more than three heteroatoms in total in the ring. More 

1 5 preferably there are not more than two heteroatoms in total in ttie ring. More 
preferably there is not more than one heteroatom in total in the ring. The team 
mcludes, for example, tfie groups pyridyl, pyrinaidyl, pyrazinyl, pyridazinyl and 
triazinyl. 

"Halo*' includes F, Q, Br and I, and is prcsferably F or Q. 
2 0 "Pyridyl*' as used herein includes 3-pyridyI, 3-pyridyJ and 4-pyridyl. 

*Tyrimidyl'* as used herein includes 2-pyiimidyl, 4-pyrimidyl and 5- 
pyrimidyl. 

•Tyridazinyl" as used herein includes S-pyridazinyl and 4-pyridazinyl. 
'Tyrazinyr as used herem mcludes 2«pyrazinyl and 3-pyrazinyl. 
25 'Triazinyl" as used herein includes 2.(l,3,5-triazinylX 3-, 5- and 6-(l A4- 

triazinyl) and 4- and 5-(l,23-triazinyl). 

*Thia2olyr as used herein includes 2-thiazolyl, 4-thiazolyl and 5-thiazolyI. 
"Isothiazolyl" as used herein includes 3-isothiazolyl, 4-isothiazolyl, and 5- 
isothiazolyl. 

i 0 "Oxazolyl" as used herein includes 2-oxazolyl, 4-oxazolyl and 5-oxazolyl. 

"Isoxazolyl" as used herein includes 3-isoxazolyl, 4-isoxazolyl, and 5- 
isoxazolyl. 
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"Tliiophenyr' as used hemn includes 2-thiophenyl and 3-thiophenyl. 

'Tiiranyr as used heiem includes 2-furanyl and 3-fuianyl. 

••Pynolyl" as used heran includes 2-pynolyl and 3-pynolyl. 

Imidazolyr as used herein includes 2-inndazolyl and 4-inudazolyl. 
5 'Triazol^'' as used herein includes 1-triazoIyI, 4-tnazolyl and 5-triazolyl. 

"Oxadiazolyr as used herein includes 4- and 5-(1^3-oxadiazolyl), 3- and 
5-(l^,4^xadiazolyl), 3-(l AS-oxadiazolyl), 2-(U.4-oxadia2olyl). 

•Tliiadiazolyr' as used herein includes 4- and 5-(l,23-tt»iadiazolyl), 3- and 
5-(l,2,4.thiadiazolyl), 3-<l,2,5-thiadiazolyl), 2-(1.3,4-4hiadiazolyl). 
10 For the compounds of formula (T) above, Ry is preferably H or Me. More 

prefOTblyRyisHL 

For the compounds of formula (I) above, each Rz is preferably H or Me with 
0, 1, 2 or 3 of Rz being Me. More preferably only 1 Rz is Me. Most prefi^bly aU 
Rz areH. 

15 For the compounds of fonnula (J) above, Y is preferably OH or OMe. More 

preferably, Y is OH. 

For the compounds of fonnula (I) above, it is preferred that Ry and all Rz 
areHandYisOH. 

For the compounds of fonnula (J) above, the preferred stCTeochemistry is 
20 shown below: 




A preferred group of compounds according to the present invration is 
represented by Hit fonnula (D) 
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(ID 

wherein Ri and R2 are each independently selected from H, C1-C4 alkyl, 0(Ci-C4 
alkyl), S(Ci-C4 alkyl), halo and phenyl; and 

R3 is selected from H, C1-C4 allqrl and halo; and phannaceutically acceptable salts 
5 thereof. 

Rl is preferably C1-C3 alkyl (especiaUy irifluoramethyl), 0(Ci-C3 alkyl) 
(espedany methoxy or trifluoroinethoxy), F or phenyl (Ph). R2 is preferably H. R2 
is also preferably F. R3 is preferably H. 

Especially prefened compounds of the present invention are I-motpholin-2- 
10 yl-l-phenyl-2-{2-trifluoioniethoxy-phenyl)-ethanol and 2-(5-fluoio-2-methoxy- 
phenyl)-l-moipholin-2-yl-l-phenyl-ethanol. Fbr both of these compounds the (S Jl) 
stereoisomer is preferred. For both of these compounds the prefened salt form is the 
hydrochloride salt 

Compounds of the present invention are selective inhibitcws of 
15 norepinephrine reuptake. BiogMiic amine transporters control the amount of 

biogenic amine neurotransmitters in the synaptic cleft. Ihhihition of the respective 
transporter leads to a rise in the concentration of that neurotransmitter within the 
synaptic cleft. Crai^unds of Formula I and their pharmaceutically acceptable salts 
preferably exhibit a Kj value less than 500nM at the norepinephrine transporter as 
2 0 determined using the scintillation proximiQr assay as described below. More 
ptefaied con?K>unds of Fwmula I and Ihefa- pharmaceutically acceptable salts 
exhibit a K, value less tiian lOOnM at tiie norepinephrine transporter. More 
preferred compounds of Formula I and their i*armaceuticaDy acceptable salts 
exhibit a Kj value less than 50nM at the noiepinephrine transporter. Especially 
2 5 prefrared compounds of Formula I and then- pharmaceutically acceptable salts 
exhibit a Kj value less tiian 20nM at the norepinephrine transporter. Pjeferably, 
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compounds of the present invention selectively inhibit the noiepinephiine 
transpoiter relative to the serotonin and dopamine transporters by a factor of at least 
five, more preferably by a factor of at least ten. 

Jn addition, the compounds of the present invention are acid stable. 
5 Advantageously, they have a reduced interaction (both as substrate and inhibitor) 
with the liver enzyme Cytochrome P450 (CYP2D6). Hiat is to say, they preferably 
exhibit less than 75% metaboUsm via the CYP2D6 pattiway according to the 
CYP2D6 substrate assay described below and they preferably exhibit an ICSO of 
>6^M according to the CYP2D6 inhibitor assay described below. They are 

1 0 indicated for the treatment of disorders associated with norepinephrine dysfunction 
in mammals, especially humans, including children, adolescents and adults. 

The term "norepinephrine dysfunction*" as used herdn refers to a reduction 
in the amount of noreimiephrine neurotransmitter within the synaptic cleft below 
that which would be considered to be normal or desirable for a species, or an 

15 individual within that species. Thus the phrase ''disorders associated with 

norepinephrine dysfunction in mammals" refers to disorders which are associated 
with a reduction in the amount of norepinephrine neurotransmitter within the 
synaptic cleft below that which would be considered to be normal or desirable for 
the mammalian species, or an individual within the species, in question. Some 

2 0 examples of disorders currently believed to be associated with reduced levels of 
norepinq)hrine within the synaptic cleft are detailed below. 

The compounds of the present invention are also indicated for the treatment 
of disorders which are ameliorated by an increase in the amount of norepinephrine 
neurotransmitter within the synaptic cleft of a mammal above that which would be 

2 5 considered to be normal or desirable for the mammalian species, or an individual 

within the species, in question. 

The term "treatment" as used herein refers to both curative and prophylactic 
treatment of disorders associated with norepinq)hrine dysfunction. 

Compounds of the present invention may be prepared according to the 

3 0 following methods. 

A general scheme outlining the synthetic routes to compounds of the present 
invention wherein Y is OH is shown below (Scheme 1). For clarity, Ax2 is shown as 
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phenyl and Ry and Rz are shown as H. It will be appreciated that analogous 
methods could be applied for other possible identities of Ry and Rz. 



Method A 




Method B 






10 



15 



Scheme 1 

Compounds of the present invention may be prepared by conventional 
organic chemistry techniques from an A^-benzyl-ketomorpholine of type 1 by 
addition of a suitable organometaffic derivative (method A), or via the addition of a 
suitable organometallic reagent to an epoxide of type 2 (method B), as outlined in 
Sclianel. 

The racemic intermediates of type 1 may be obtained as outUned in Scheme 
2 by condensation of an iV-benzyl cyanomorphoUne 5 (/. Med. Chem. 1993, 36, pp 
683 - 689) with a suitable aryl organometallic reagent followed by acid hydrolysis. 
Chiral HPLC separations of the racemic JV-benzyl-aiyl-ketomorpholine of type 1 
gives the required single enantiomer, i.e.. the (2S). iy^-benzyl-aryl-ketomoiphoUne of 
type 6 (Scheme 2). 
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5 1 6 

Scheme 2 

Condensation of a chiral (2S>//-benz^-aryl-ketoinoipholine of type 6 with a 
commeicially available benzylic magnesium halide or a b^izylic magnesium halide 
prepared using standard Grignard techniques ficom the corresponding halo-benz^c 
derivative gives a tertiary alcohol of type 3 without any observed epimerisation of 
the existing asymmetric center (ee*s/de's determinations may be carried out using 
chiral HPLC) and with very high ov^all diastereoisomeric excesses (see Scheme 
3) . The final compounds of type 4 may be obtained after cleavage of the N-4)^izyl 
protecting group on a compound of type 3. Hie deprotection can be done using 
catalytic palladium hydrogenolysis, or carbamate exchange with ACErQ (1- 
Chloroe%l dilorofoxmate), giving intermediates of type 7, followed by 
metfianolysis as shown in Sdieme 3. 





\ 




Schemes 

The intermediates 3 may be further elaborated using for example 
oiganometallic type couplings between an ortho bromide derivative of type 8 and an 
arylboronic add as shown in Scheme 4. For clarity, Ati and its substituent aie 
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shown as phenyl and substitution occurs at the 2-position. It will be appreciated that 
analogous methods could be applied for other possible identities of An and Ri and 
other possible substitution positions. This approach may also be canied out by solid 
phase synthetic methods as described in more detail in the specific exanq)les below. 




Sdieine4 

An alternative route for the iHq)aration of the compounds of this invention 
is meihod B (see Scheme 1). Foraiation of the intermediate epoxides of type 2 ftom 
racemic iV-benzyl-lcetomorpholines of type 1, may be done using for example 
trimethyl sulf oxonium iodide and a suitable base, for example sodium hydride. 
Condrasation of 2 with a commercially availiOjle aiyl orpnometallic, or an arjl 
oiganometallic prepared from the cottesponding halo aiyl derivative, gives the 
intcamediates of type 3, as mixtures of diasteredsomers. Final deproteclioiis may be 
done as described above (see scheme 3). Hnal con^unds made using method B 
may be purified using chiral HPLC. 

Compounds of the present invaation wherein Y is OR and R is C1-C4 allqrl, 
may be synthesized by standard alkylation of intermediates of type 3 prior to 
dqaotection of the morpholine N-atom as diown in Scheme 5. Suitable strong 
bases will be known to the person skilled in the art and include, for example, 
sodium hydride. Similarly, suitable alkylating agents wiU be knovra to the person 
skilled in the art and include, for example, C1-C4 alkyl halides such as methyl 
iodide. 
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Schemes 

In anotiier embodiinent of the present inventioD there is provided a process 
for die piqyaralion of compounds of fonnula 0^ comprising Ae step of depiotecting 
a compomd of the fonnula (HI) 

Ar, 

Y 




Rz 



Rz I Rz 

pg 



\ 



-Rz 



(ffl) 



wherein Pg lepiesents an N-piotecting group and all other variables aie as defined 
for fannola CO, to provide a con^Mnnid of f onniila (I), optionally followed by the 
step of fanning a phannaceutically acceptable salt 

In anothra' embodiment of fbs present invention tfaeie are provided 
intermediates useful for the preparation of conqiounds of formula (J). Thus the 
present invention provides a coixqx)und of formula (IV) 



Rz 
Rz 



Rz I Rz 

pg 

av) 

15 wherein Pg represents an N-protectinggp>up and all other variables are as defined 
for formula (I). 

For die intramediaies of fonnula (TV) above, the preferred stereodbemistry is 
shown below: 
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Prefened inteimediates inclade fte con^unds 




Suitable N-protecting groups will be known to the person skilled in the art 
5 as will methods for their removal. Further information on suitable deprotecting 
groups is contained in the well known text "Protective Groups in Organic 
Synthesis", Theodora W. Greene and Peter G.M. Wuts, John Wiley & Sons, Inc., 
New York, 1999, pp.494-653. Preferred N-protecting groups include benzyl, allyl, 
carbamates such as benzyloxycarbonyl (cbz) and t-butyloxycarbonyl (boc) and 
10 amides. 

fe addition to the compounds of formula (I) and formula (IT), and processes 
for the preparation of said compounds, the present invention furthCT provides 
pharmaceutical compositions comprising a compound of formula (I) orfomiula (II) 
or a phannaceutically acceptable salt thereof, together witi» a pharmaceuticaUy 
15 acceptable diluent or carrier. 

Further, the present invention provides a compound of formula (J) or 
formula (IT) or a phannaceutically acceptable salt thereof, for use as a 
pharmaceutical; and a compound of formula (I) or formula (II) or a 
phannaceutically acceptable salt thereof, for use as a selective inhibitor of the 
2 0 reuptake of norepinephrine. 

The present compounds and salts can be employed in the treatment of 
disorders associated with norepinephrine dysfiinction in mammals, including 
affective, anxiety, and cognitive disorders. 
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Disorders associated with nQrqmiq)farine dysfunction in mamTnals include, 
for example, nervous system conditions selected from the group consisting of an 
addictive disorder and withdrawal syndrome, an adjustaieiit disorder (including 
depressed mood, anxiety, mixed anxiety and depressed mood, distmbance of 
5 ciondKict, and mixed distuibaiK^e of conduct and mood) , an age-associated leanung 
and mental disorder (including Alzheimer's disease), alcohol addiction, anor^a 
nervosa, q>aliiy, an attiention*deficit disorder (ADD) due to gpnendnaedical 
conditioDS, attention-deficit hypmctivity disorder (ADHD) including the 
predonoinandy inattmti ve type of ADHD and die predominantly hypetacdve- 

10 impulsive type of ADHD, bipolar disonto, bulimia nervosa, chronic fatigue 
syndrome, chronic or acute stress, cognitive disorders including mild cognitive 
impairment (MCI) and cognitive impairment associated with sduzophrema (CIAS), 
conduct disorder, cyclothymic disonte, dementia of the Al/Aeimers type (DAT), 
dqxression (including adolescent depression and minor depression), ^thymic 

1 5 disorder, onotional dysregulation, fibromyalgia and other somatoform discrdors 
(including somatization disoidfir, conversion disorder, pain disorder, 
hypochondriasis, body dysmorphic disorder, undifferentiated somatoform disorda, 
and somatoform NOS), goeialized anxiety disorder, hypotrasive states including 
orthostatic hypotension, incontinence (i.e., stress incontinence, genuine stress 

2 0 incontinence, and mixed incontinence), an inhalation disorder, an intoxication 

• disorder, mania, migraine headaches, neuropathic paui, nicotine addicticm, obesity 
(i.e., reducing the weight of obese or overwdgbt patirats), obsessive compulsive 
disonlers and related spectrum disoniers, oppositional defiant discmler, pai^ 
including chronic pain, neuropathic pain and antinociceptive pain, panic disorder, 

2 5 peripheral neuropathy, post*traumatic stress disord^, premenstrual dysphoric 

• disorder (i.e., premenstrual syndrome and late luteal phase dysphoric disorder), . 
psoriasis, psychoactive substance use disorders, a psychotic disorder (including 
schizophrenia, schizoaffective and schizophreniform disorders), seasonal affective 
disorder, a sleq) diswder (such as macolcpsy and enuresis), social phobia (including 

30 ' social anxiety disorder), a specific developm^tal disorder, selective serotonin 

reuptake inhibition (SSRI) "poop out" syndrome Q.e., wherein a patient who fails to 
maintain a satisfactory response to SSRI therqpy after an initial period of 
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satisfactoiy response), TIC disorders (e.g., Tourette's Disease), tobacco addiction 
and vascular dementia. The compounds of the present invention ate particulariy 
suitable for the treatment of attention deiidt hyperactivity disorder, ADHD. The 
compounds of the present invention are also particularly suitable for the treatment 
5 of schizophrenia. 

Thus, the present invention also provides a conqwund of formula ® <x 
formula (ID or a pharmaceutically acceptable salt theiwrf for selectively inhibiting 
the reuptake of norepinephrine. Preferably such selective inhibition occurs within 
mammalian cells (including mammaUan cell membrane preparations), especially 
10 those found within the central and/or peripheral nervous system. More preferably 
such selective inhibition occurs witiun the ceHs of tfie central nervous system of a 
mammal, especially a human, ui need fliereof, and a compound of formula (I) or 
formula (II) or a pharmaceuticaDy acceptable salt tiiereof for treating disorders 
associated witii norepinephrine dysfunction in mammals; and the use of a 
compound of formula (£) or fcMmula (D), or a pharmaceutically acceptable salt 
thereof, in the manufacture of a medicament for selectively inhibiting the reuptake 
of norepmephrine; and tiie use of a compound of formula OD or formula (D), or a 
pharmaceutically acceptable salt tiiereof. in the manufacture of a medicament for 
the tireatment of disorders associated with norepinephrine dysfunction in mammals, 
2 0 including the disorders listed herein. 

Further, tfie present mvention provides a metiiod for selectively inhibiting 
tile reiqjtate of norepine^Arine in mammals, comprismg administering to a patient 
in need tiiereof an effective amount of a compound of formula (0 or formula (II) or 
a pharmaceutically acceptable salt tiiereof; and a metiiod for toeating disorders 
associated witii norepinephrine dysfunction in mammals, comprising administering 
to a patient in need fliereof an effective amount of a compound of fonnula d) or 
formula (II) or a pharmaceutically acceptable salt thereof. 

The present invention includes flie i*annaceuticany acceptable salts of tiie 
compounds of formula (I) andformuk (D). Suitable salts include acid addition 
30 salts, including salts formed witii inorganic adds, for example hydrochloric, 

hydrobromic, nittic, sulphuric or phosphoric acids, or witii organic acids, such as 
organic carboxylic or organic sulphonic adds, for example, acetoxybenzoic, dtric. 
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glycolic, mandelic-1, mandelic-dl, mandelic d, maleic, mesotartaric manohydrate, 
bydroxymaldc, fumade, lactobiomCt malic, metfaanesulphonic, napsjdic, 
n^hthalenedisulfonic, naphtoic, oxalic, palmitic, phenylacetic, propionic, pyridyl 
hydroxy pyruvic, salicylic, stearic, succinic, sulfanilic, tartaric, 2^hydroxyBtfaane 
5 soliriumic, toluene-p-sulphonic, and xinafoic acids. 

In addition to die pbarmaoeuticaUy acceptable salts, other salts aie included 
in the invention. Hiey may serve as intennediates in the purification of compounds 
or in the prepaialiGn of odier, for example pharmaceuticaUy acceptable, acid 
addition salts, or ace useful for idratification, diacacterisation or purification. 

10 It will be appreciated that cooqiounds of f onnula (1) and formula (II) possess 

one or moie asymmetric caifoon atoms, and that in the present invention specific 
individual sterecnsomersaieprrfened. la die present specification, where a 
stiuctural f onnula does not specify die stereochemistry at one or more chind 
ceoties, it racompasses all possible stereoisomers and all possible mixtuies of 

15 stmoisomars (including, but not limited to, racemic mixtures), whidi may result 
from steceoisomerism at each of die one or more chiral centers. 

The compounds of the present invention may be used as medicamrats in 
human or veterinary medicine. The compounds may be administered by various 
routes, for example, by oral or rectal routes, topically or paienteially , for ^um^le 

20 by injection, and are usually raiployed in the form oil a pharmaceutical composition. 
Such compositions may be prepared by m^ods well known in die 
phamiaceutical art and normally comprise at least one active conqxiund in 
assodarion with a phaimaceutically acceptable diluent, excipient or card In 
making die compositions of the present invention, the active ingitedifflt will usually 

25 be mixed with a carrier or diluted by a carrier, and/or enclosed within a carrier 
which may, for example, be in the form of a c^ule, sachet, paper or other 
container. Where die carrier s^es as a dilurat, it may be solid, semi-solid, or liquid 
matmal which acts as a vehicle, excipient or n^dium for the active ingcediCTt 
Thus, the composition may be in the form of tablets, lozenges, sachets, cadiets, 

3 0 elixirs, suspensions, solutions, syiups, aerosols (as a solid or in a liquid nsedium), 
ointments containing, for exanq>le, up to 1 0% by weight of the active conq)Ound, 
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soft and hard gelatin capsules, suppositories, injection solutions and suspensions 
and sterile packaged powdeis. 

Some examples of suitable carriers are lactose, dextrose, vegetable oils, 
benzyl alcohols, alkylene glycols, polyethylene glycols, glycerol triacetate, gelatin. 
5 carbohydrates such as starch and petroleum jelly, sucrose sorbitol, mannitol. 

starches, gum acacia,calcium phosphate, alginates, tragacanth, gelatin, syiup, methyl 
cellulose, methyl- and propyl- hydrobenzoate, talc, magnesium stearate and mineral 
oil. TTie compounds of formula (I) can also be lyophilized and the lyt^hilizates 
obtained used, for example, for die production of injection preparations. The 

10 preparations indicated can be sterilized and/or can contain auxiliaries such as 
lubricants, preservatives, stabilizers and/<Mr wetting agents, emulsifiers, salts for 
affecting the osmotic pressure, buffer substances, colourants, flavourings and/or one 
or more further active compounds, e.g. one or more vitamins. Compositions of the 
invention may be formulated so as to provide, quick, sustained or delayed release of 

15 the active ingredient after administi^on to the patient by employing procedures 
well known in the art. 

The compositions are preferably f ormulaled in a unit dosage form, each 
dosage unit containing from about 5 to about 500 mg, more usually about 25 to 
about 300 mg, of tiie active mgredienL The term "unit dosage form" refers to 

2 0 physically discrete units suitable as unitary doses for human subjects and other 
mammals, each unit containing a ptedetermined quantity of active material 
calculated to produce the desiied tiierapeutic effect, in association with a suitable 
pharmaceutical carrier. 

2 5 The following examples illustrate compoimds of the present invention and 

methods for their prq>aration. 

Stereochemical conveiitions 

The absolute stereochemistiy of the compound below was detumined using 

3 0 X-ny crystallography. 
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All final compounds weie obtained as single isomers either tiuough the 
use of chiiaDy pure starting materials or chiral separation methods, such as chiral 
HPLC. 

5 

Synthesis of Intermediates. 

Preparation of f4-Bgnzyl-mor|Aolin'2^idVphenvl-metfaanQne, 



10 a) 4-Ben239-moipho]ine»2<arix>nltrile 




A one-litre reactor with mechanical stirring, cooled by an ice bath, was 
charged with ^-benzylethanolamine (172.2 g; 1 equiv. available from Aldrich 
Chemical Coni^any). 2-ChlQroaciylomtrile (100 g; 1 eguiv. available from Aldiich 

15 Ch^nical (Company) was added dropwise over 2 minutes. The temperature was 
maintained between 23 X and 29 T by means of the ice bath and subsequently a 
water baft at 15 ""C. iV-B»izylethanolamine was still detected on TLC after 4 J h 
stirring. After one nig^t stirring at mom temperature (water bath), no 
N^benzylethanolamine was (fetectable by NMR. The mixture was dissolved in 

2 0 letrahydrofuran and transferred to a 2 L reactor cooled to -S by ice/NaQ bath. 
Tbe total volume of tetrahydrofuran was 1.35 L. Potassium <erf-butoxide (148 g; 1.1 
equi v.) was added by portions in 1 hoar, keeping tfie reaction tenqpetature at 0±2 
""C. After 1 hour post-stining at CC, the mixture was quenched with saturated 
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NaHCOs (500 mL). The aqueous layer was extracted with diethyl ether (500 mL). 
Organic layers were dried on MgS04 and evaporated to dryness. Hie title compound 
(149.8 g; 65%) was obtained after percolation of the 250 g dry residue on 1 kg of 
Si02, eluting with tiie following gradient; 

5% AcOEt - 95% n-heptane 2.5 L 

10%AcOEt-90%n-heptane 2L 

15% AcOEt - 85% n-heptane 2 L 

20% AcOEt -80% n-heptane 5L 



b) (2S)-(4-Baiz3rl-iiiorpholin-2-]^)-pli«iyl.ii]ellianoiie. 




A 31 double jacket reactor was charged with 4-Benzyl-mQipholiiie-2- 
10 caibonitrile (135.05 g; leq) and dry diethyl ether (1.4 1). Alternatively, toluene may 
be used in place of diethyl ether. When Tj = 0°C and Tm = 1 (Tj = temperature of 
the jacket, Tm = temperature of the mass), phenyl magnesium chloride (2M sol. in 
tetrahydrofiiran, 360 ml, 1.08 equiv., available fiom Aldrich Chemical Company) 
was added dropwise over 1 hour. Tm rose to 4°C and came back to 2''C at the aid 
15 of the addition. Tm was progressively raised to 17.5''C over 45 minutes and the 
mixture stined at this temperature for another 45 minutes. The reactor was cooled 
down to Tto = 2*C and Tj = 0«C (75 minutes) and hydrochloric acid (700ml of 5N 
solution) was added in two prations. Tm rose to 33"C. After some minutes, the 
hydrochloride salt of the ketone crystallised. When Tm = Tj = room tempoature, 
20 the triphasic suspension was filtered. The organic layer of the mother liquors was 
eliminated. The filtration cake was than washed with methylene chloride (700 ml). 
This Uquor was charged in the reactor with the acid aqueous layer. Tieatmait of the 
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hydrochloride salt After drying under vacuum, 164.4 g of the hydn)chloiide 
contaminated with MgQ2 were suspended in a triphasic mixture of 
wateiyinethylenechloride (SOO ml/800 ml). Tht suspension was basified with 
aqueous sodium hydroxide (75 ml of a 30% solution) under ice baft cooling. 
5 Mg(OH)2 precipitated and the aqueous layer was extracted with methylrae diloiide. 
The organic layers were filtered on a bed of Celite 5 12 after addition of Celite. The 
filtered organic phase was dried over magnesium sulphate and evaporated to 
dryness. Tlie ketone crystallized readily on standing (132.4 g; 70%). Treatment of 
the mother liquors: The combined organic phases wm wa^ed with aqueous 

10 sodium hydroxide (750ml of a 2N solution). Celite 512 (160 g) was added to die 
suspmsion which was then filtrated Ihrou^ a bed of Celite. Ihe aqueous layer was 
separated and extracted with methylene chloride. The combined orgffluc phases 
were dried over magne^um sulphate and evaporated to dryness to provide 35.8 g of 
tfie title compound enriched with unreacted nitiile. Chind compound was obtained 

15 after separation using chiral HFLC on a Daicel chiralpak AD 20|im column with 
100% Ethanol / 03% DMBA as eluent at a flow rate of 1 5Qm]/min and UV- 
detection at SOOnm. Alternatively, the two enantiomers may be sieparated by 
fractional crystallization from acetonitiile using from 0.55 to 1 equivalrat of 
dibenzoyltartaric acid to ^nerate diastereoisomedc salts of the title compound. The 

2 0 crystals may be collected by filtration and neutralized wiA 30% NaOH to afford the 

optically enriched title compoimd 

Preparation of (4-Ben2vl-morpholin-2-vlVphenvl-metfaanone - One not synthesis 
A 1600 LGL reactor under N2 was successively loaded with 2- 
25 chloroacrylonitrile (33.2 kg, 379 moles) and toluene (114 L) at 2VC. Then, N- 
benzyletfaanolamine (57 kg, 377 moles) was added and the reaction mixture was 
post-agitated at room temperature for about 17 h. Then, die mixture was diluted 
with tolurae (336 L), cooled down to - 12.4 ^^C and potassium t-butoxide (42.3 kg, 
377 moles) was added in portions (10) maintaining - 13.7 °C < Tmass ^ -2.8 **C. 

3 0 The mixture was post-agitated at about 0**C for 2.5 h, quenched by adding ultra pure 

water (142.5 L) maintaining 2.1 ""C £ Tmass £ 8.7 **C The aqueous layer (176 kg) 
was sqiarated after 35 minutes of post-stiiiing allowing the mixture to reach 15 ""C 



BNSDOCU): <VyO_,200401844iA1J.> 



wo 2004/018441 



-20- 



PCT/US2003/023270 



10 



15 



20 



and the toluene layer was washed with ultra pure water (142.5 L) and the aqueous 
layer (162 kg) was separated. The organic layer was then concentrated under 
reduced pressure (150 mbars) maintaining Ttoass ^ 60 »C in order to distiU 162 kg 
of toluene. The filtrates were then diluted with toluene (1 14 L) and treated with 
Si02 (Merck siHca gel 60, 0.063-0.1 mm. 74.1 kg) under agitation at room 
temperature for 1.25 h. SiOj was ffltered and rinsed with toluene (2x114 L). Hien. 
the filtrates were concentrated under reduced pressure (150 mbars) maintaining 
Tmass ^ 60 "C in order to distiU 351.8 kg of toluene (KF : 0.01 % w/w HjO). 

The solution of 4-Benzyl-morpholine-2-caibonitrile (169.2 kg) was diluted 
with toluene (157 L) and was cooled to 0°C and phenylmagnesiumchloride (25 wt 
% solution in TEiF, 213 kg. 389 moles, 1.36 molar equiv.) was slowly added (over 
3.5 h) to the reaction mixture, maintaining the temperature at - 3 < Tmass ^ 7 
°C. The reaction mixture was post-stirred for 2 hours at Tmass « 0°C. Then, the 
quench was performed by adding acetic add (8.55 L, Tmass = 5 17.2 °C), post 
stirring 10 minutes and cooling to 5 "C before adding an acetic acid / water mixture 
(229 L, 33/67 v/v). During the quench, addition was performed at such a rate that 
Tmass did not exceed 20»C (typical Tmass = 4.6 "C to 10.4 °C). The mixture was 
post-agitated overnight at RT and the aqueous layer (285.8 kg) was extracted 



TTie toluene layer was cooled to 0°C and a 5 N NaOH aqueous solution 
(420.1 kg) was slowly added maintaining the temperature at - 2.4 »C <, Tmass < 1 1 
"C. The reaction mixture was post-stiired for Ih and the aqueous layer (494.8 kg) 
was extracted. The toluene layer was concentrated under reduced pressure (50 
25 mbars) maintaining Tmass < 60 T in order to distm 356.2 kg of toluene and 
isopropanol (180.4 kg) was added. The toluene was stiipped off under reduced 
pressure (100 mbars) maintaining Tmass ^ 60 °C in order to distiU 186.4 kg of 
toluene and isopropanol (135 kg) was added again to the mixture. A last distillation 
of toluene was performed under reduced pressure (50 mbais) maintaining Tmass S 
60 "C in order to distifl 131 kg of toluene and isopropanol (49.4 kg) was finally 
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added to the niixtoie and the soMon was stix^ 
nunutes). 

Ultra pme water was added (125.4 L) and tiie mixture was stined ovemi^t 
5 at RT and cooled down to about O^'C fori hour. Hie precipitate was filtered and 
dnsed witti a cooled wateiAsopiopanol SO/SO v/v solution (76.6 k^. The wet 
precipitate was dded under vacuum at Tj ack = 3SX f or 96 hours to obtain the title 
compound as an off-white powder witfi 59% overall yield The tide confound 
may be resolved by the fractional crystallisation process described above. 

.0 • , 

Preparation of (4*Benzvl-morpholin"2-id>^flnoro--ptoiylVmrfhancme. 

a) (4-Benz^iiioipliolfai-2-yI)-C3-fiiioi^ 




15 To a solution a! 4-Benzyl-morpholine-2-caifoonitrile (lOg, 50 mmol) in dry 

diethyl edier (100 ml) at -10 % under an atmosi^iere of nitrogen was added (time 
of addition 30 minutes) a solution of S-fluorophenylmagnesium bromide (OSS 
solution in tetrahydrofiiran, 120 ml, 60 mmol, 1J2 equivalrats* available fiom 
Aldrich Chemical Company or Rieke Metals) and the reaction mixture was furdier 

2 0 stilted at -10 ^C for 30 minutes. Thra the reaction was allowed to warm to room 
temperature and stirred far one hour. The reaction was then cooled to 0 % and 
quenched by addition of hydrodiloric acid (2N aqueous solution, 50 ml) and the 
resulting mixture was stirred for 30 mmutes at 0 ^C. Then the solution was 
ccmcotrated in vacuo and the residue was tabm-up by sodium hydroxide (2N 

25 aqueous solution* 60 ml). T^e aqueous solutim was extracted witti didfayl ettier, die 
organics fractions were collected and dded (MgS04) and die soIvctI removed under 
reduced pressure to give the title conqKmnd as a brown oil (15g, 100%). FI^ 
[M-hH]4«300.1. 
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Preparation of 2-Chloroinethvl>4>fluoro>l-methoxv-ben2ene. 



a) (5-Fluoro-2-methoxy-phenyl)-methanoL 



OMe 



HO 




5 



F 



To a solution of 2-Methoxy-5-fluorobenzaldehyde (11.093g, 1 equiv.- 
available from Aldrich Chemical Company) in methanol at -10 **C under nitrogen 
atmosphere was added NaBH4 (7.515g, 2.7 equiv.) portionwise. The solution was 
allowed to wann to room temperature and after 30 minutes the reaction solvent was 

1 0 removed under reduced pressure and replaced with dicMoromethane. This solution 
was poured onto ice water and further extracted with dichloiomethane. The organic 
fractions were collected and dried (MgS04) and the solvent removed under reduced 
pressure to give tiie titie compound as an oil (9.794g, 87%).^H NMR (300MHz, 
CDQa): 6 2.58 (m. IH), 3.81 (s. 3H), 4,63 (d, 2H, J = 63 Hz), 6.78 (dd, IH, / = 8.9 

15 and 4.3 Hz), 6.94 (td, IH, /= 8.5 and 3.1Hz), 7.04 (dd, IH. /= 8.7 and 3.1Hz). 

b) 2-Chloroiiiefli]1-4-flaoro-l-metboxy-benzene. 



Neat (5-'Fluoro-2-metiioxy-phenyl)-methanol (19.587g, 1 equiv.) was added 
20 to neat SOCI2 (42.2 mL, 4.6 equiv.) at -78°C under a nitrogen atmosphere and the 
solution was then allowed to warm to room temperature and stirred until evolution 
of gas had ceased. An equivalent volume of anhydrous toluene was added to the 



onto ice water. TTie toluene layer was separated and dried (MgS04) and the solvent 
2 5 removed under reduced pressure. The erode material was sublimed (60-80**C/0.05 



OMe 




F 



flask and the solution heated to 60**C. On cooling the reaction solution was poured 
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mBair) to give the title compound as a white soKd (13.40 g, 61%). NMR 



(300MHz, CDCl^y. 5 3.87 (s. 3H), 4.60 (s, 2H), 6.79-7.20 (m, 3H). 



Preparation of l-Cfaloitiinethvl-2-isopiDpoxv-benzene, 



a) 



(2*Isopropoxy-pbenyI)-iit6thaiioL 




HO 



10 



A mixtuie of 2-hydioxybenzyl alcohol (21.04g, 1 equiv., available from 
Aldrich Chemical Company), 2-isopropyl iodide (32.3 mL, 1.9 equiv., available 
from Aldrich Chemical Company) and K2CO3 (71.42g, 3 equiv.) in ^hanol was 
lefluxed for 3 hours. On cpoUng the reaction mixture was filtered and the solvent 
removed under reduced pressure and replaced with dichloromethane, and dien 
filtered and the solvrat rranoved to give the title compound as an oil (27.751g, 
99%). NMR (300MHz, CDCI3): 5 137 (d, 6H, J = 6.0Hz). 3.55 (bs, IH). 4.50- 
4.70 (m. 3H). 6.78-6.90 (m, 2H), 7.15-7.25 (m. 2H). 

b) l-Cliloroiiietfayi-2-isopropoxy-beiizme. 



The title compound was prepared usmg the g^ietal procedure outlined 
above for the preparation of 2-Odoromelh^-4-fh]on>-l-methoxy-beDzene followed 
by the fioQowing treatment: 

Hie crude reaction material was chiomatographed on silica gel and ehited 
1:9 ethyl aoetateAieptane prior to distillation (40-60 "^.05 mBar). NMR 
(300MHz, CDQa): 6 1.37 (d, 6H. J = 6.0Hz). 4^04.70 (m. 3H). 6.80-7,00 (m. 2H). 
7.23-7.30 (m,ZH). 
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Synthesis of Compounds of the Invention. 

Example 1 

Preparation of (S, RV2-f2-Methoxv-i3he nvlVl-morDhQUii-2.-vl-l-Dhenvl-ethafinl 
5 hydrochloride. 

a) l<4-Ben2yI-morpholin-2-yI)-2-(2-methoxy-phenyl)4-^^^ 




Solid magnesium turnings (9.5 g, 28 equiv.) under nitrogen atmosphere at 
1 0 room temperature were stirred vigorously with a magnetic stirring bar ovemi^t. 
The magnesium was then covered with dry diethyl ether and to the suspension was 
added l,2«dibromoethane (50 fiL). A cold bath was then applied foHowed by 
dropwise addition of l-chIoromethyl-2-methoxy-benzene (18.18 g, 5 equiv. 
available from Aldrich CSiemical Company) in diethyl edier (71 mL) which 
1 5 maintained the temperature at up to 15 ^C. The resultmg black suspension was 
stirred at room temperature for 30 minutes and cooled down at -20 **C. A solution 
of (4-BenzyI-morphoIin-2-yl).phenyI-methanone (4g, 1 equiv.) in diethyl ether (50 
mL) was thrai added dropwise via canula. The reaction mixture was left to warm to 
room temperature over two hours and then quenched by addition of aqueous 
2 0 saturated solution of NaHCOs (50 mL). The aqueous solution was extracted wifli 
diethyl ether, die organic phase dried with MgS04, evaporated in vacuo to give 7 g 
of a yellow amorphous solid. The compound was taken without further purification 
in the next step. ELA [M+H]*=404. 

25 b) 2-(2-Methoxy-phenyl)-l-morpholin-2-yM-phenyI-ethanoI 
hydrochloride. 
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CiH 

To a solution of l-(4-Benzyl-iiiorphoIm-2-)4>2K2-methoxy^pI^ 
phaiyl-«thanoI (1 g» 1 equiv.) in ethyl acetate (100 mL) at room tempaatme under 
nitiogai atmosphere was added ammonium fomiate (3.9 25 equiv.) followed by 
5 addition of palladium on charcoal (10 %, Ig.). The leacdon mixture was heated to 
reflux for 1 hour, cooled to room temperature and then filteied ttirough Celite. All 
volatiles wem evapoiated under vacuum, and the lesulting soU^ 
preparative HPLC. The isolated white solid was taken up in etfumol. Hydrograi 
dilodde was added (large excess of 2M solution in diettyl ether) and the mixture 

10 was stirred until it became a clear solution. Then all the volatiles were evaporated in 
vacuo, to give 650mg of the title compound as white solid (75 %). ^HNMR 
(300MHz, DMSO D6) & 2.43-2 (m, 2H), 2.77-2.92 (m, 2H), 3.15-3.23 (m, 3H), 
3.41 (s, 3H), 4.104.19 (m, 2H), 6.66^.72 (m, 2H), 6.98-7.07 (m, 2H), 7.13-7.20 
(m, SO), 932 (bs, 2H). LCMS (12 minute method) [M+Hr=3H @ Rt 3.96 min. 

15 sin^e major peak. 

Preparation of (S. R) 242-Elhoxv-phenviVl-mQrPhoKn-2-vl>l-phenvl-eQianol 
hvdrocMoiide. 

20 

a) H4-Beii^-morpholin-2-yI)-2-(2-^lio37-pli^ 
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The procedure for the synthesis of example la, l-(4-Benzyl-moipholin-2- 
yl)-2-(2-methoxy-phenyl)-l-phenyl-ethanol, was followed using commetcially 
available 2-ethoxybenzylmagnesium bromide (available from Rieke-Metals) as 
5 starting material and making non-critical variations, to yield the title compound. 
FIA IM+H]^=418. 

b) 2-(2-Ethoxy.phenyl)-l-morpliolin-2-yl-l-phenyl-€thanol hydrochloride. 




CIH 

10 The procedure for the synthesis of example lb, 2-(2-Methoxy-phenyl)-l- 

morpholin-2.yl.l-phenyl-elhanol hydrochloride was followed making non-critical 
variations, to yield the tiUe con^vmd. *HNMR (300MHz, DMSO D6) 6: 1.11 (t. 
3H, J=6.97Hz), 2.43-2.56 (m. IH), 2.81-2.96 (m, 2H), 3.17-3.27 (m, 3H), 3.55-3.67 
(m. 2H), 3.84-3.92 (m. IH). 4.05-4.20 (m. 2H), 6.68-6.74 (m, 2H), 7.01-7.18 (m. 

15 8H), 8.92 (bs. 2H) ppm. LCMS (12 minute method) [M+Hr=328 @ Rt 437 min. 
sin^em^orpeak. 

Rxam ple ^ 

Preparation of (S. R> 2-f2-Isopmp oxv-Dhenvn-l-morDholin-2-vl-l-Dhenv}-ethano1 
20 hvdrochloride. 
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a) l-(4-Benzyl-moiphoIiii-2-y])*2K2-feopropos7-phe^^ 




Solid magnesium turnings (4.6 g, 48 equiv.) under nitiog^ atmosph^ at 
room tempe ra ture were stined vigorously with a magnetic stirring bar overnight 
5 The magnesium was then covered with dry tetrahydrofuran. A cold ba& was tbsn 
applied followed by dropwise addition of l-chIoromethyl-24sopropoxy4)enzCTte 
(3.0 g, 4 equiv. prq)ared as described above) in tetrahydrofuran (40 mL). During 
slow addition of the electrophiie no exotherm was observed so on completion of 
addition 3 crystals of Iodine were added to promote initiation of die reaction. Aftear 

10 this addition the reaction tenqperatme was allowed to spike to SO^C likesn cooled 
rapidly to 8 before being left to warm to room temperature for one hour. Tlie 
resulting black suspension was cooled down to -10 and a soluticm of (4-Botz;^- 
moipholin-2-yl)-phenyl-inethan(nie (1.2 g, 1 equiv.) in tetrahydrofuran (10 mL) was 
then added dropwise. The reaction mixture was left to warm to room temperature 

1 5 over thirty minutes and then qumched by addition of aqueous saturated solution of 
NaHCXH (SO mL) prior to filtration through Celite. The aqueous solution was 
extracted with diethyl ether, the organic phase dried with MgS04» evaporated in 
vacuo to give 3 gof a yellow amorphous solid. Hie compound was taken without 
further purification in the next sXsp. IXMS (6 minutes mediod) IM+H]*=432 @ Rt 

20 3.25 min. major peak. 

b) 2-(2-Isopropoxy-phaiyl)-l-morphoiin-2*yl-l-phenyI-^ianol 
hydrodilorMe. 
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The procedure for the synthesis of example lb, 2-(2-Methoxy-phenyl>l- 
inorpholin-2-yH-.phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the title compound. *HNMR (300MHz, MeOHD3) 6: 1.12-1.16 
5 (m, 6H), 2.51^2.55 (m, IH), 2.89-3.14 (m, 4H), 3.56-3.60 (m, IH), 3.82-3.92 (m, 
IH), 3.99-4.03 (m, IH), 4.17-4.22 (m, IH), 4.36-4.44 (m, IH), 6.50-6.55 (m, IH), 
6.66-6.73 (m, 2H), 6.92-6.98 (m, IH), 7.07-7.20 (m, 5H) ppm. LCMS (12 minutes 
method) [M+H1*= 342 @ Rt 4.90 min. major peak. 

10 Example 4 

Eiegaration of (S. R> l-f3-PluQ ro-phenvlV2-(2-methoxv-phenvlVl-morDholin-2-vl- 
etfianol hydrochloride 

a) lK4-Ben2yI-iiiotphoIin-2-3lH-(3-fluoro-phen^^^^ 
15 efhanoL 



A magnetically stirred 0.25M tetrahydrofuian solution of commercially 
available 2-methoxyben2yhnagnesium bromide (available from Rieke-Metals) 
20 (8QmI, Sequiv.) under nitrogen atmosphere was cooled to -10 and to this was 
added neat (4-BOT2yl-mQipholin-2-yl)-l-(3-fluoro-phenyl)-methanone (2.1g, 
lequiv.). The solution was allowed to warm to room temperature and reaction 
progress followed using mass spectrometry. After IJ hours 2- 
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metfaoxybCTzylmagnesiain bromide solution (14ml» 05equiv.) was a^ain eiddsd to 
the reaction and after a further 0.5 hours an aqueous saturated solution of NaHCOa 
(SO mL) was added to halt the reaction. Die aqueous solution was extracted with 
diethyl ether, the organic phase dried with MgS04, evaporated in vacuo to give 2.8 
5 g of a ye&ow amorphous solid The compound was taken without further 

purification in the next s^. 1X3^ (6 ininutes method) [M+ig^=422 @ Rt 3.03 
and 2.86 min. major peaks. 

b) (S» R )-H3-Flaon>-pheiqrl>2<2-iiiethoxy-phenyl>l-n^ 
10 ethanolfaydrochloride. 




CIH 

To a solution of H4-Baizyl-morpholin-2-yl)-l-(3-fluoro-phenyl>2-(2- 
medioxy-iACTyl)-ediand (2.8 g, 1 eguiv.) in ediyl acetate (100 mL) at room 
tenq)eratuie under nitrog^atnuisphm was added ammonium fonnat^ 10 

15 equiv.) followed by addition of palladium on charcoal (10 2.7g.). Hie reaction 
inixture was heated to rdQux for 1 hour, cooled to locmi ten^oature and t^ 
filtered through Celite. All volatiles weie cvspmuied under vacuum, and the 
resulting solid was purified via preparative HFLC to give the desired 
diastereoisoniers. The active enantiomer was obtained after a iurtiier preparative 

2 0 chiial HFLC separation. The active enantiomer, a white solid, was next taken up in 
etfaanol and hydrog^ diloride was added Qatffi excess of 2M solution in dieOiyl 
etiier) and the mixture was stiired until it became a clear solution. Then all the 
volaliles weie ev2^)orated in vacuo, to give 447mg of tiie tide compound as white 
soKd NMR (300MHz, DMSO D6) S: 2.49-2.53 (m. IH), 2.80-2.93 (m. 2H), 

25 3.12-333 (m, 4H), 3.41 (s, 3H), 3.85-3.92 (m, IH), 4.07-4.20 (m, 2H), 6.70-6.75 
(m, 2H), 6.92-7.10 (m, 5H), 7.20-7,27 (m, IH), 9.08 (bs, 2H). LCMS (12 minutes 
method) [M+Hf =332. Rt 4.1 Imin. 
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Example 5 

Preparation of fS. l-Morpholin-2-vl-l-phenvl-2-r2-trifluQromethoxv--phenvlV 
ethanol hydrochloride 

5 

a) l-(4-Benzyl-inorpholm-2-yl).l-phenyl-2-(2-ti^ 
ethanol. 



10 The procedure for the synthesis of example la, l-(4-Benzyl-niorpholin-2- 

yl)-2-(2-niethoxy-phenyl)-l-phenyl-ethanol, was followed using 2- 
(trifluoromethoxy)benzyl bromide (available from Huorochem) as starting material 
and making non-critical variations, to yield the title compound. FIA |M+H]*=458. 

1 5 Alternatively, the following method may be used. Magnesium turnings (24.2 

g, 0.935 mole, 2 eq.) and diethyl ether (300 ml) were loaded in a reactor under N2. 
A solution of 2-trifluoromethoxybenzyl bromide (165 g, 0.647 mole, 1.3 eq.) m 
diethyl ether (300 ml) was loaded in an addition funnel. Iodine crystals and a small 
amount of the 2-tDflu0romethoxybenzyl bromide solution were added and the 

2 0 reaction mixture was stirred to initiate the reaction. The remainder of the 2- 

tiifluoromethoxj^enzyl bromide solution was then added drop-wise maintaming flie 
temperature of the reaction mixture below 35*'C. The mixture was stirred for 
another 5 minutes at 23^*0 after completion of the addition. A solution of (4-Benzyl- 
morpholin-2-yl>phenyl-methanone (140 g, 0.498 mole) m diethyl ether (2.1 L) was 

2 5 added drop-wise, maintaining the temperature of the reaction mixture below 25^C. 
The solution obtained was stirred for 1 hour at 20**C. The reaction mixture was 
quenched flirough the addition of a saturated aqueous NaHCOs solution (700 ml) 
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and water (700 ml). Tbe soUds were filtered and washed with diethyl ether (200 ml). 
The filtrates were loaded into a separaticm fiumel and the layere w«B separated. The 

aqueous layer was extracted with diethyl ether (1 L). The organic layers were 
combined and the filtrates were concentrated under vacuum to about 2 liters. Hie 

5 solution was dried over MgSO*, filtered and the filter cake was washed witii diethyl 
ethear (200 ml). The filtrate was concentrated under vacuum to orange oiL The 
residue was twice dissolved in toluene (500 ml) and concentrated to a soUd product 
The yield of erode titte compound was 235 g (103%). 'H-NMR (CDQa): 6.80-7.07 
ppm, 11 H. mp; 7.04-7.01 ppm, IH, mp; 7.01-6.86 ppm, IH, dt; 6.84-6.80 ppm, IH, 

10 d; 3.98-4.03 ppm, IH. dt; 3.86-3.89 ppm, IH, dd; 3.70-3.60 ppm, IH. dt; 3.52-3.58 
ppm, IH, d; 337-3.42 ppm, IH. d; 3.13-337 ppm, IH. d; 3.05-3.08 ppm, IH. d; 
2.44-2.45 ppm, IH, d; 2.30-2.00 ppm, 3H, mp. 

b) OS, R) l-Morpholin-2-3l4-phenyl-2K2-trllhioroiiiBthoxy-phenyI)- 
15 ethanol hydroddmide. 




To a solution of l-(4-Ben:^-morpholin-2-3^>l-phenyl-2-(2- 
tiifluoromethoxy-phenyi>-ethanol (7 g, 1 equiv.) in dry 1.2-dicWoroethane (40 mL) 
at 0 X under nitrogen atmosphere was added AC&Cl (20.33 g, 10 equiv.). Tlie 
20 reaction mixture was left to wann to room trai^erature for 48 hours. All volatiles 

were ev^xirated under vacuum, and die resulting solid was takrai-up witii methanol 
(50 iiiL) and stirred at room tranperature ovenn^L The solution was filtered 

throu^ add ion exchange column and tiie required ftactions evaporated to dryness. 
Tlie resulting solid was taken up with acettmitdle and the insoluble material filtered 
25 off. The mother liquw was concentrated in vacuo and purified via preparative 

HPLC. Both fiactirais were mixed (&om slurry and from HPLC) and taken up in 
etiianol. Hydrogen chloride was added Oarge excess of 2M solution in diethyl elher) 
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and the mixture stiired. Then all the volatiles were evaporated in vacuo, to give 1.9 
g of the title compound as a white solid (33 %). NMR (300MHz, DMSO D6) 5: 
2.45^2.50 (m, IH), 2.81-2.97 (m, 2H), 3.18-3.30 (m, 3H), 3.89-3,97 (m, IH), 4.15- 
4.18 (m, 2H), 7.02-7.29 (m, 9H), 9.18 (bs, 2H). LCMS (12 minutes method) 
5 [M+H|*=368 @ Rt 4.88 min. single major peak. NET Ki = 12.39 nM. 

Alternatively, the following method may be used. A stainless steel Buchi 
hydrogenation reactor was loaded with l-(4-BenzyI-morpholin-2-yl)-l-phenyl-2-(2- 
trifluoromethoxy-phenyl)-ethano] (230 g, 0.503 mole), methanol (1 L), a suspension 

10 of Pd/C (10%, 46 g, 20% loading) in methanol (500 ml), and methanol (500 ml) 

from equipment rinses. A solution of HCl in ethanol (1.6N, 460 ml, 0.736 mole, 1.5 
eq.) was added and the reactor was pressurized with H2 (3 Bar). The reaction 
mixture was heated to 40''C and stirred for 3 hours. The reaction mixture was 
cooled to 20**C and flushed with N2. The catalyst was flitted off and washed with 

1 5 methanol (0.5 L). The filtrates were concentrated under vacuum to a yellow solid. 
The yield of crude title compound was 198 g (97.5%). A reactor was loaded with 
crude title compound (190 g, 0.47 mole) and toluene (6.65 L) under N2. The 
suspension was heated under reflux and toluene (150 ml) was added until all solid 
dissolved. The solution was stirred for 15 minutes more under reflux and then 

2 0 cooled slowly to TXPC. The suspension was stirred for 1 hour at 20^*0. ITie solid 

was filtered, washed with toluene (680 ml), and dried at 40**C under vacuum. The 
yield of pure anhydrous title compound was 158.5 g (83.4%). 

Alternatively, the following method may be used. In a glass-lined nitrogen 
2 5 purged hydrogenator are charged l-(4-Benzyl-morphoIin-2-yl)-l-phenyl-2-(2- 

trifluoromethoxy-phenyl)-ethanol hydrochloride (150g, 303,7 nunol), demineralized 
water (352 mL), i-PiOH (375 mL) and 5% Pd/C (30 g, 50% water, Johnson & 
Matthey type 440). The heterogeneous reaction mixture was then purged 5 times 
with 25 psi nitrogen then purged 5 times witii 50 psi hydrogen, and ttie 

3 0 hydrogenation was performed at RT. The initial Tmass was 22**C and tiie maximum 

Tmass during the hydrogenation was 23**C. The reactor was stirred vigorously. In- 
process analysis after 2 hours indicated complete hydrogenolysis. The 
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hydrog^nation was stopped aft^ 3 hours. Hie nitiog^ purged reaction mixture was 
then filtered at RT throu^ an hyflo filter (56 g), impregnated beforehand with 75 
mL of a 5Q/S0 v/v isopiopanolAvater mixture and washed with 300 mL of a 50/50 
vA^ isopropanol/water mixtme. The filtrates were stored o vemigjit at RT. The 
5 filtrates wm coacentrated at 40-50''C under reduced pressure (typical 622 g 

distilled). The reaction mixture was cooled to RT and post-agitated After3 hours, 
1 jdL of the solution was taken and cooled to O^C to initiate crystall^^ Hiese 
seeds were add^ to tiie reaction mixture and predpitaticm was observed within a 
few minutes. The mixture was post-agitated at RT for 2 hours. The crystals were 
10 filtmd and rinsed with HiO (30 mL). Then, tfie precipitate was dried undo: 

reduced pressure (400 mmHg) wiA a nitrogen flow (0.1 bar) for 4 hours affording 
the title coDq)Ound as Ae hydrate polymorph (103.5 g» 81% yielcO. 

15 P iep a i- at ion of fS, R) 2"Biphepvl-2^>d-l-mQr;rfiolin-2-vl-l-pheniJ-etfaanol 
hydrochloride 

a) l-(4-Beiizyl-]iioipfaoliii-2>yl)-2-b^han3^-2-7l-l-p^ 




2 0 l-(4-Braz3d-4norpholin-2-yl>-2-(24nDnio^en34)-l^ (0.50 g, 

1.0 equiv. pr^aied according to Exan^le ISa below) and phrayflxnonic add 
(0.402 g, 3.0 equiv., available from Aldnch Chemical Conqiany) were suspended in 
a mixture etfaanol/water (2/l» 7.5 mL) and Pd(Ph3)4 (0.022 g, 0.04 equiv.), thai 
^CQs (0.654 g, 4.30 eqdv.) woeadded. Hie mixture was healed to 80% under 

2 5 nitrogm atmosphere. After 16 hours, the reaction was cooled down to room 
tra^ieiature and filtered through CeUte,dien extracted^ The 
organic layers were combined, dried with &%S04, filtered and concentrated in 
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vacuo yielding a yellow oil, which was purified by column chromatography on 
silica gel (10% EtOAc:Hexane) to give 0.491g (98%) of the tifle compound as a 
white solid. 

5 b) (S, R) 2-Biphen7l-2-yl-l-moipholiii-2-yl-l*phenyI-etlianol 
hydrochloride. 



The procedure for the synthesis of exa0q)le lb, 2-(2-methoxy-phenyl)-l. 
morpholin-2-yH-phenyl-ethanol hydrochloride, was followed making non-critical 
10 variations, to yield the title conq>ound*H NMR (SOOMHz, DMSO D6) 6: 2.16-2.20 
(m, IH), 2.54-2.62 (m, IH), 2.67-2.76 (m, IH). 2.85-2.89 (m, IH), 3.24 (s, 2H), 
3.61-3.69 (m, 2H), 3.93-3.98 (m, IH). 5.14 (bs, IH), 6.80-6.92 (m, 5H), 7.04-7.17 
(m, 5H), 7.27-7.30 (m, 3H), 7.36-7.39 (m, IH). LCMS (12 minutes method) 
IM+H]'^=360 ® Rt 5.15 min. single major peak. 



Preparation of (S, 2-(2-CMQro -DhenvlVl>mQrDholin-2-v]-l-phenvl-ethanQl 
hydrochloride 

20 a) lK4-Beiizyl.niorpholta.2-yI).2-(2HMoro.phenyI)-l.phOTyl^ 




H 



CIH 



15 
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The procedure for tiie synthesis of example la, H4-Benzyl-morpholm-2- 
yl)-2-(2-methoxy-phenjd)-l-phenyl-«thanol, was followed using 2-chlorobenzyl 
chlodde (available torn Aldrich Ctemical Company) as starting matmal and 
making non-ciitical variations, to yield the title conqiound HA ^+II|'^a408 and 
5 410. 

b) (S,R)2K2-CUoro»plimyl)-l-morphoUi^ 
hydrodUoride 




The procedure for the synthesis of example 5b, (S, R) l-MiQrpholin-2-yl-l- 
phenyl-2K2-tcifhioromefhoxy-phenyl)-edianol hydrochloride, was followed makmg 
non-critical variations, to yield die tide compound^H NMR (300MHz, DMSO D6) 
S: 2.45-2.54 (m, IH), 2.84-2.93 (m, 2H), 3.17-3.22 (m, IH), 3.33-3.38 (m, 3H), 
3.89-3.97 (m. IH), 4.14^.18 (m. 2ED, 7.06-7.11 (m, 2H), 7.15-7.26 (m, 7H), 9.24 
(bs, 2H) ppm. IICMS (12 minutes method) [M+Hf =318-320 @ Rt 4.36 min. sing|le 
peak. 

Pre paration of fS, R) 2^5-PluorD-2^n^oxv-phen^Vl-moroholin-2> vl-l-phenvl- 
20 ethanol hvdrpchlbride 

a) l-(4-BenaEyl-morpholfai-2-]i>2K5-fliioro-2-meao^^ 
^faanoL 
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The procedure for the synthesis of example la, l-(4-Benzyl-morpholin-2- 
yl)-2-(2-methoxy-phenyl)-l-phenyl-ethanol, was followed using 2-chloromethyl-4- 
fluoro-l-methoxy-benzene (synthesized as described above) as starting material 
making non-critical variations, to yield the title compound which was taken without 
further purification in the next step. UJMS (6 minutes method) [M-hH]"^=422 @ Rt 
2.85 min. major peak. 

Alternatively, the following method may be used. Magnesium turnings (21.6 
g, 0.888 mole, 2 eq.) and diethyl ether (300 ml) were loaded in a reactor under N2. 
A solution of 5-fluoro-2-methoxybenzyl chloride (116 g, 0.664 mole, 1.5 eq.) in 
diethyl ether (200 nnJ) was loaded in an addition funnel. Iodine crystals and a small 
amount of the 5-fluoro-2-methoxybenzyI chloride solution were added and the 
reaction mixture was stirred to initiate the reaction. Tlie remainder of the 5-fluoro-2 
methoxybenzyl chloride solution was then added drop-wise maintaining the 
temperature of the reaction mixture below 28 **C. The mixture was stined for 
another 5 minutes at 19 after completion of the addition and a white suspension 
was formed. A solution of (4-Ben2yl-mQrpholin-2-yl)-phenyl-methanone (125 g, 
0.444 mole) in diethyl ether (1.8 L) was added drop-wise, maintaining the 
temperature of the reaction mixture below 25 °C. The suspension obtained was 
stined for 2 hours. The reaction mixture was quenched through the addition of a 
saturated aqueous NaHCOs solution (625 ml) and water (500 ml), maintaining the 
ten5)erature below 20 X. The mixture was stined for 30 minutes and the solids 
were filtered, washed with water (125 ml) and diethyl ether (200 ml). The filtrates 
were loaded into a separation funnel and the layers were separated. The aqueous 
layer was extracted with diethyl ether (1 L). The organic layers were combined and 
dried over MgS04, filtered and the filter cake was washed with diethyl ether (100 
ml). The filtrates were concentrated under vacuum. The yield of title compound was 
201 g as a yellow solid (107%). Title compound (200 g, 0.474 mole) was then 
suspended in isopropanol (400 ml) under N2. The suspension was heated under 
reflux until all solids were dissolved. TTie solution is allowed to cool to 20 °C over 
4 hours under stirring. The solid is filtered, washed with isopropanol (100 ml) and 
dried at AO^C under vacuum. The yield of pure title compound is 158 g (79%). ^H- 
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NMR (CDQa): 6.99-726 ppm. lOH, mp; 6.60-6.71 ppm, IH, dt; 6.49-6.60 ppm, 
IH, dd; 6.31-6.44 ppm, IH, dd; 3.92-4.01 ppm, IH, dt; 3.80-3.90 ppm, IH, dd; 
3.64-3.73 ppm, IH, dd; 3.59-3.64 ppm, IH, d; 3.52-3.59 ppm, 3+1 H, 2s; 337-3.45 
ppm, IH, d; 3.07-3.17 ppm, IH, d; 2.84-2.92 ppm, IH. d; 2.43-2.53 ppm, IH. d; 
5 2.20-2J28 ppm, IH, d; 1.98-2.11 ppm, 2H, mp. 

b) . (S,R)2-(5-F1iioio-2-nietfaQxy-plieiiyl)-l-iTO 
dhanol hydrochloride 




H 

OH 



10 The ptocedme for the syndesis of lb, 2-(2-Mettioxy-phen^>l-moipholin- 

2-^-1-phenyl-elfaanoI hydiochloricfe was followed makmg non-critical vanations, to 
yield Ifae title conqx>uiid. NMR (300MHz, DMSOD6)S: 2.44-2.50 (m. IH), 
2.79-2.96 (m. 2H), 3.15-3.20 (m, 2H), 3.27-333 (m, 2H). 3.42 (s, 3H). 3.86-3.94 
(m, IH), 4.09-4.18 (m, 2H), 6.66-6.71 (m, IH), 6.80-6.90 (m, 2H), 7.14-7.23 (m, 

15 5S), 9.20 0)S. 2H)JXMS (12 mmutes mediod) [M+Hrs332. NET Ki s 3.60 nM. 

Alternatively, the following method may he used. A glass hydiog^iation 
flask was loaded with methanol (L55 L), Pd/C (10%, 3 1 g, 20% loading), l-(4- 
ben2yl-inotiAoIin-2-^)-2-(5-fluoio-2-methoxy-phenyl)-l-phenyl-etha^ (155 g, 

2 0 0.368 mole) and a solution of HQ in etbanol (2.5N, 233 ml, 0.582 mole, 1.6 eq.). 
The leactor was nu)unted on a Pair instromoit and pressurized with H2 (49Psi). 
The reaction mixture was shaken overnight between 20^C and 15^C. The catalyst 
was filtered off and washed with methanol (0.5 L). The filtrates were CQOcentrated 
und^ vacuum. The yield of crude title conqx>und was 109 g (81%). The catalyst 

25 was washed again widi methanol (2x500 ml). The filtrates were coinbine^ 

concentrated under vacuum. The yield of the second crop of crude title compound 
was 21.7 g (16%). A reactor was loaded with crude title compound (131 g, 0.356 
mole) and isopropanol (13 L) under N2. The suspension was heated under reflux for 
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4 hours. The mixture was cooled to 20°C and the solid was filtered, washed with 
isopropanol (130 ml), and dried at SCC under vacuum. The yield of pure title 
conq)ound was 1 15.9 g (88.5% yield). 

5 Example 9 

Preparation of (S, R) 1-MorDholin-2.vl-l-p henvl-2-f2-trifli.nromethvkn1f^YV 
phenvlVethano^ acfttate 

a) l-(4-Beiizyl.iiiorpholin.2-yl).l.plienyl-2.(2-trifluoTOniett^ 
10 phoiyO-ethanoL 




The procedure for the synthesis of example la, l-(4-benzyl-mOTpholin-2.yi> 
2-(2-methoxy-phenyl)-l-phenyl-ethanol, was followed using l-hromQmethyl-2- 
trifluoromethylsulfanyl-benzene (available from Huoiochem Ud.) as starting 
material and making non-critical variations, to yield the title compound. 'H NMR 
(300MH2. CDQa) 8: 2.05-2.33 (m. 3H). 2.49-2.65 (m. IH), 3.10-3.35 (m. 2H). 
3.43-3.55 (m, IH), 3.67-3.89 (m. 2H), 3.91-4.08 (m, 2H). 4.09-4.22 (m. IH), 6.91- 
7.05 (m. IH). 7.10-7.42 (m. 12H), 7.50-7.63 (m. IH) ppm. 

b) (S, R) l-Moipholin.2-yi.l.plienyl.2-(2-trifIuoTOinethyIsulfm^^ 
etfaanol acetate 




•"•O- aai)4ai844Mij_> 
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To a solution of H4-ben25l-inorpholiii-2-yl)-l-phCTyl-2-(2- 
triifaiQminetb)isulfanyl-phaiyl)-etbanol (218 mg 1 equiv.) and solid suppcmed 
Kinig's base (available from Argonaut, Ig, 5 equiv.) in diy tetrahydiofuran (4 mL) 
at 0 under nitcogien atmoqdieie was added ACE-Q (502 (iL, 10 equiv.). The 
5 leaction mixtuie was left to warn to loom tenoperatme for 48 homs . All volatiles 
weie evaporated under vacuum, and the xesuldng solid was taken-up with m^hanol 
(SO mL) and stirred at room temperatuie overnight The solution was iilteied 
Aioug^ add ion exchange column and flie lequired fractions evaporated to dryness. 
The resulting solid was purified via preparative HFLC to give 62 mg of the title 
10 compound as a colourless oil NMR (300MHz, CDCI3) & 2.01 (s, 3H), 2.43- 
2.47 (m, IH), 2.63-2.70 (m, IH), 2.81-2.94 (m. 2H), 3.24 (d, IH, J=13.57H2), 3.85- 
3.96 (m, 2H), 4.01-4.05 (m. IH), 4.09^.13 (m, IH), 4.45 (bs, 4H), 6.90^.93 (m. 
IH), 7.13-7.26 (m. 7H), 7.55-7.58 (m, IH) ppm. LCMS (12 minute metfiod) 
[M-fII|^=384 ® Rt 5.13 mm. single peak. 

.15... 

Rxang>te TO 

Preparatjon of fS, l-MQrphoHn-2-vl-l-Dhenvl-2-(2-trifluQromethvl-Dhenviy- 
edianol 

20 a) 4-Beiizyl-2K2-plienylH>xirBnyI)-moiplioli^ 

To a mixture of tiimeth^sulfoxomuin iodide (783 mg, lequiv.) and sodium 
hydride (142 mg, 1 equiv.) in dimeth^onnamide (17 mL) at 0 °C under nitrogen 
atmosphere was added d|imeth)dsuIfoxide (251 /iL, 1 equiv.) and the resulting 
2 5 suspendon was stirred for 30 minutes. A solution of (4-BenzyI-morphoIin-2-yl)- 
phenyl-methanone (1 g, lequiv.).in dimethylformainide (10 mL) was then added 
dropwise. Stirring was continued for 30 minutes and the teacticm was stopped by 
addition of water (50 mL). The aqueous solution was extracted with diethyl etha. 
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the organic phase dried with MgS04, and evaporated in vacuo. The crude material 
was purified using a colunon chromatography on sihca gel eluting with a mixture of 
ethyl acetate/heptane (20/80) to give 825 mg of the tiUe compound as a colourless 
oil (78 %), mixture of two diastereoisomers. LCMS (6 minute method) 
5 [M+ir|+=296 @ Rt 1.88 min. single peak. 

b) l-(4-B»^l-moipholm-2-yl)4-phenyl-2-(2-trifluoromea 
ethanol. 



10 To a suspension of magnesium turnings in tetrahydrofuran (2mL) at room 

temperature under nitrogen atmosphere was added a solution of l-bromo-2- 
trifluoromethyl-benzene (7.6g, 5equiv., available from Acros) in tetrahydrofuran (32 
mL) and the mixture was stirred for an hour. The solution was cooled to -78 and 
copper iodide (646 mg) was added followed by dropwise addition of a solution of 4- 

15 Benzyl-2-(2.phenyl-oxiranyl)-morpholine (2g, 1 equiv.) in tetrahydrofuran (10 mL). 
The resulting mixture was warmed to room tMiperatuie over 2 hours and then 
treated with water (10 mL). The solution was extracted with diethyl ether, the 
organic phase dried with MgS04, and evaporated in vacuo. The crude material was 
purified using a column chromatography on silica gel eluting with a mixtuie of ethyl 

2 0 acetate/heptane (10/90) to give 352 mg of the title conq)ound as a colourless (12 
%). LCMS (6 minutes method) IM+H]''a442 @ Rt 3.05 min. major peak. 

c) (S, R) l-Morpholin-2-yI4-plienyI-2-(2-trffluorometfayi*^^ 





H 
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To a solution of lK4-Benzyl-mQipholin-2-ylH-phenyl-2-(2-trifluQ^^ 
phrayl)-etfaanoI (352 mg, 1 equiv.) in ethanol (IS mL) at room temperatuie oxKler 
nitrogen atmosphere was added ammonium fonnate (507 mg g» 10 equiv.) followed 
by addition of palladium on charcoal (10 %, 355 mg.). The reaction mixture was 
5 heated to reflux for 1 hcmr, cooled to room tenqseratore and then filtoed thn>u^ 
Celite. M volatiles were evaporated under vacuum to give 265 mg of tiie title 
compound as white solid (94 %). The CTantiomedc mixture was resolved using 
chiral HFLC, to give the title compound as a single enantiomer. NMR (300MHz, 
GDQs) 8: 2,25-230 (m, IH), 2.56-2.64 (m, IH). 2.75-2.87 (m, 2H). 3.18 (d, IH, 
10 J=14.88HzX 3.71-3.81 (m. 2H), 3.89 (d, IH. J=14.88Hz), 4.02^.05 (m, IH), 6.83- 
6.86 (m, IH), 7.09-7.34 (m. 7H), 7.53-7.55 (m. IH) ppm. LCMS (12 minute 
method) [M+Hf =352 @ Rt 4.73 min. single peak. 

Pxamp^ll 

15 Preparation of (S. 2-(2-CMoto>phenviVl-(3-fluQro^rtienvlVl-moroholin-2>v^ 
e^anolliyd^ppl^oride 

a) l-(4-B»^-]iioiplioIiiH2-^2K2-chloro-pIiei^ 
etfaanoL 




The procedure for die synthesis of 4a, H4-Benz^-moipholin-2-yl>l-(3- 
£hioro-phenyl)-2-(2Hneihoxy-phenyl)-etfaanol was followed usmg 2-chQrobenz]d 
dUoride (available from Aldrich Chotmcal (Company) as staiting material, and 
niaking non-critical variations, to yield the title conqK>und which was takra without 
2 5 fuith^ purification in the next step. LCMS (6 mmutes method) [M+Hrs426 @ Rt 
2.85 min. major peak. 
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b) (S, R) 2-(2-€3doro-phenylH-(3-fluoro-phenylH-mo]Tholto^ 
ethanol hydrochloride 




1 

H 

CIH 



To a solution of lK4-Benzyl-moTpholine-2-yl)-2-(2-chloro-phenyl)-l-(3- 
fluoro-phenyl)-ethanol. (3.2g, 1 equiv.) in dry l,2-dichlon)ethane (40 mL) under 
nitrogen atmosphere was added ACE-Cl (20.33 g, 5 equiv.). The reaction mixture 
was stirred at room temperature overnight then refluxed until completion. All 
volatiles were evaporated under vacuum, and the resulting residue redissolved in 
acetonitrile. This solution was filtered through an ion exchange colimm and the 
filtrate taken-up with methanol (50 mL) and refluxed for 3h. The solution was again 
filtered through add ion exchange column and the required fiactions evaporated to 
dryness. The resulting solid was next purified via preparative HPLC followed by 
chiral HPLC. The purified active enantiomer was taken up in ethanol and hydrogen 
chloride was added (large excess of 2M solution in diethyl ether) and the mixture 
stirred. Then all the volatiles were evaporated in vacuo, to give 519mg of the title 
compound as a white solid (18 %). NMR (300MHz, DMSO D6) 5: 2.43-2.54 
(m, IH), 2.81-2.95 (m, 2H), 3.16-3.23 (m, IH), 3.30-3.44 (m, 2H), 3.54 (bs, IH), 
3.92-4.00 (m, IH), 4.15-4.23 (m, 2H), 6.96-7.29 (m, 8H), 9.32-9.45 (m, 2H). LCMS 
(12minute method) |M+H]^=336. 

Example 12 

Preparation of fS, l-Mo rDholin-2-vM-phenvi-2-i>-tolvl-ethanol hydrochloride 



a) lK4-BenzyI-moiphoIin-2-yl)-l.pheDyl-2-o-toIyI-«thm^ 
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Tlie procedure for the synlfaesis of exanople la, l-(4-beDzyl-moiplio]in-2-^)* 
2-(2-iii^oxy-phenyl)-l-phenyl-ethanol, was followed using commeicially 
available 2-ixieAyIbeiizylinagpesiuin bromide (available from Rieke-Metals) as 
5 starting mateiial and making non-critical variations^ to yield the title compound. 
FIAIM+Hr=388. 



b) (Sj R) l-Morpholiii-2-yi-l-pheiiyl-2-o-tolyl-eaianol hydrocUoride 




f 

H 

OH 



10 The procedure for the synthesis of example lb, 2-(2-methoxy-phenyl)-l- 

morpholin-2-yl-l-phenyl-ethanol hydrochloride was followed making non-critical 
variations, to yield the title compound. ^HNMR (300MHz, DMSOI^^ 1.62 (s, 
3H). 2.40-2J8 (m. IH), 2.78-3.01 (m, 2H). 3.03-3.09 (m, IH), 3.15-3.31 (m, 2H), 
3.90-4.05 (m, IH), 4.15-4.25 (m. 2H), 6.89-7.28 (m, 9H), 9.21-9.55 (m, 2H). 

15 LCMS (12 minute method) [M+HT » 298 single peak. 

Piepatation of (S. l-MQmholin-2^vl-1.2^ «fh^Yf"*^"^9H hY^^^^!^"^- 
20 a) l-(4-Bai27l-iiioiplioIin>2-yl).l,2HUphtt^-«t^ 
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The procedure for the synthesis of example la, l-(4-beDz^-inotpholin-2-yl>- 
2-(2-inethoxy-phenyl)-l-phenyl-ethanol, was followed using commeicially 
available benzylmagnesium btomide (available firam TCI Amaica) as staiting 
5 material and making non-critical variaticms, to yield the title compound. LCMS 
[M+H1*= 374.1 major single peak @ 3.82 min. 

b) (S, R) l-Aforplio]iii-2-yM,2-diphenyl-etiutnol hydrodiloride 



10 The procedure for the synthesis of example lb, 2-(2-methoxy-phenyl)-l- 

morpholin-2-yl-l-phenyl-ethanol hydrochloride was followed making non-ciitical 
variations, to yield the title compound. *H NMR (300MHz, CDQa) 8: 2.36-2.41 (m, 
IH). 2.64-2.71 (m, IH), 2.78-2.91 (m, 3H). 3.16-3.32 (m, 2H), 3.73-3.82 (m, 2H), 
4.08-4.11 (m, IH), 6.80-6.83 (m, 2H), 7.07-7.12 (m, 3H), 7.16-7.27 (m, 6H). 

15 LCMS IM+H1*=284.1 single peak @ 3.82 minutes. 

am ple 14 

Preparation of (S. R) 2-r2-Fluoro-phBnvlVl-morpholi n-2-vl-l-phenv1.«thflnnl 
hvdrochloride 

20 

a) l-(4-Beiizyl-inoipboIm»2-yI)-2-(2-fluoro-pbenyI>l-phenyl-et^ 




H 

CIH 
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DiB prooedue f w the synthesis of example la, l-(4-beDzyl-inoipholm-2-yl)- 
2-(2-melfaoxyi>hrai^)-l-pIiaiyl-ediaDol, was foUowed using cmnmerciaUy 
availaUe 2-fluoiD-benz^magnesium dilonde (available from Rieke Metals) as 
5 staitinc »"«»*«riiii and malfitig non-critical variatjanSr to yield the title cwnpound. 
HA [M4Hr=392.1. 

b) ^R)2^Fluoio^haiylH-moiphoUn-2*7l-l*pliaq4'«(^ 
hydiochloiide 




The procedure for the synthesis of exan^le lb, 2-(2-inethoxy-ph«iy])-l- 
inoii^olin-2-yl-l-idiaiyl-edianol hydrochloride was followed making non-critical 
variations, to yield the title camponnd. *H NMR (300MHz, DMSO D6) S: 2.40-2J6 
(m. IH), 2.78-2.97 (m, ZH). 3.17-3.29 (m, 3H). 3.89-3.96 (m, IH). 4.14-4.19 (m, 
15 2B), 5.47 (bs, IH), 6.82^.94 (m, 2BD, 7.01-7.25 (m. 7H), 9.28-938 (m, 2H). LCMS 
|M+m^=^02.1 an^ major peak @ 3.82 mimites. 

Preparatinn of fS. R't 2■(2-hro^M>^lhe BV^Vl-phenvi-l-moroholin-2-v^-ethanol■ 

20 

a) l-(4-Baizyl-owiphoIin-2-yl>2-(2-bnuiio-plieiq1>-l-phen]1-ell^^ 
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The procedure for the synthesis of example la, l-(4-Benzyl-morpholin-2- 
yl)-2-(2-inethoxy-phenyl)-l-phenyl-ethanol, was foDowed using conuneicially 
available 2-hix)mobenzylmagnesium bromide (available from Rieke-Metals) as 
5 starting material and making non-critical variations, to yield the title compound. 
HA [M+H|*= 452/454. 

b) (S, R) l-Morpholin-2-yl-2-(2-bromo-phenyl)-l-pheiiyl*ethanoL 




CIH 

1 0 The procedure for the synthesis of example 5b, (S, R) l-Morpholin-2-yH- 

phenyl-2-(2-trifluoromethoxy-phenyl)-ethanol, was followed making non-critical 
variations, to yield the title compound^H NMR (300MHz, CDCI3) 5: 2.64-2.68 (m, 
IH), 3.02-3.21 (m, 2H), 3.27-333 (m, 3H), 3.45-3.50 (m, IH), 3.63-3.68 (m, IH), 
3.99-4.09 (m, IH), 4.20-4.24 (m, IH), 4,29-4.34 (m, IH), 4.87 (s, IH), 6,98-7.21 

1 5 (m, 2H), 7.24-7.59 (m, 7H) ppm. LCMS (6 minutes method) [M+H]^= 362.3 ® Rt 
2.85 min. single peak. 

Example 16 

Preparation of (S. R) 2-f2'-chlorof I-rbiDhenvn-2-vlVl-morpholin-2>vl-Kphenvl- 
20 ethanol hydrochloride 

a) 2-(2'-chloro[l-l'biphenyl].2-yl)-l-phenyl4-[4- 
(phenybiiethyl)morpholin-2-yl]ethanol. 
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The pioceduie for Ae synthesis of exsaaxplt da, was followed using 2^hloro 
ph^yl boronic acid (available firom Alddch CStendcal Company) as staiting 
material and making non-^^ritical variations, to yield the tide compound. FIA 
5 [M+H]*=485 

b) (S, R) 2-(2'Hailoro[l-l'biphenyQ-2-yl)-l-niofpholin-2-yU^^ 
etlianol hydrochloride 




HCI 



10 The pcocedme for the synthesis of sample 6b, was followed making non- 

critical variations, to yield the title compound. ^HNMR (300MHz, CIXn3)S: 2.10- 
2.21 (m, IH), 2 J7-2.65 (m, IH), 2.62-2.75 (m, IH), 2.83-2.87 (m, IH), 3.20 (s, 
2H), 3.63-3.70 (m. 2H), 3.95-357 (m, IH), 5.12 (bs, IH), 6.80-6.92 (m, 5H), 7.04- 
7.17 (m, 5H). 7.27-737 (m, 3H). LCMS (12 mmutes method) [M+H1*=393 ® Rt 

15 4.75 nun. single major peak. 

Prepamtion of 4-PhiQio-2-f2^morDholinAv1-2-phenvlmoDvrtohend hydrochloride 
20 a) 4-Fhion>-2K2"ii]orpholin-2-yl-2-phen^rop]i)phm^ hydrodUoride 
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HOI 

Sodium thiomeflioxide (13 eq, 186 mg) was added at once to a solution of 2- 
{2-[5-fluoro-2-(methyloxy)phenyl]-l-methyl-l-phenylethyl}moipholine 
hydrochloride (75.2 mg, 0.204 nimol, synthesized as described in Example 8 above) 
5 in anydrous DMF (3 ml) in a microwave vessel. Upon addition, the reaction vessel 
was sealed and heated up in a CEM-Discovery microwave at 150 Watts, reaching 
llO'C fai 5 minutes and noaintaining this temperature 6 minutes. The reaction vessel 
was cooled to room ten^erature and the reaction mixture taken into methanol (5 
ml) and purified by SCX-2 chromatography to obtain the free base as clear oil (50 

10 mg). The hydrochloride salt was obtained following general procedures as a white 
solid (52 mg, 72 % after salt formation.). MW 353.83; C18H22NO3PCI; 'H NMR 
(CD3OD): 7.29-7.26 (2H, m), 7.20-7.08 (2H, m), 6.53-6.50 (2H, m), 6.30-6.26 (IH, 
m). 4.18 (IH, dd, 12.6 Hz, 2.6 Hz), 4.02 (IH, dd, 10.9 Hz, 2.3 Hz), 3.86 (IH, td, 
12.6 Hz, 2.6 Hz), 3.60 (IH, AB), 3.16 (IH. d, 12.6 Hz), 3.08-2.90 (3H, m). 2.58 

15 (IH. m); NMR (CD3OD) -128.4; LCMS: (12 min method) m/z 318.1 [M- 
HCI-hH]*@Rt 3.954 min. 



Example 18 

Preparation of 2-(?,-Fluoro-6.chlnm- phenvlVl -Tnmpholin-2-vl-l-pbenvl.ethanol 
20 hydrochloride. 

a) l-(4-Beiizyl.morphoIiii-2-yI)-2-(2-cliloro^fluoro -phen7l)-l-phen7l- 
ethantri. 
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To a stined solution of 2-<:hlQio-6-fluorobenzyl magnesium chloride 
(12.8xiaL, 3^0 mmol, 3 equiv.» available from Rieke Metals) in anhydrous 
tetrahydiofiiran (IS ml) at 0 % under nitcog^ was added a solution of (4-BenzyI- 
5 moipho]in-2-yl)-phenyl-melfaanoDe (SOQmg, l.OTmmol, 1 equiv.) in tetiahydiofuian 
(Sml) diopwise over 1 5 minutes. The reaction was thra stined at 0 % for one hour. 
The reaction mixture was allowed to warm to rocmi tenqiecature over two hours and 
stiiTBd for a further 18h. The solvent was tfam evaporated *^in vacuo" and the 
residue redissolved in dichloromediane (3QmL). The organic solution was washed 

10 with aqueous saturated solution of NaHCX>3 (SO mL). The aqueous solution was 
extracted with dichloiomethane usmg a hydrophobic {diase separator. The 
didddometfaane was ev^orated "in vacuo*' and redissolved m medianol (2 mL). 
The saiiq>le was bound to SCX-2 (Sg) and washed widi meOanol (3QniL). The 
sample was duted usmg 2M ammonia in n^anol (30mL). The solvent was dien 

1 5 evaporated using a reacti-tfaerm blow down station to give 450 mg of a yellow 
amorphous solid. This material was used m step b) wi&out further purification. 
ICMS (6 minutes method) 01+11^=426 ® Rt 3.27 min. major peak. 

b) 2-(2-F1uoro-6<hloro-ph€Qyl)-l-morpholin-2-yl-l-phm^ 
20 hydrochioiide. 



CM 

To a solution of lK4-Benzyl-mQipholin-2-:^>-2r<2-<^oio-6-flttoro -idienyl>l- 
phen^-^hanol (450mg, 1 equiv.) in ediyl acetate (ISmL) at room tenqiaatme 
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under nitrogen atmosphere was added ammonium formate (1.69 g, 25 equiv.) 
foUowed by addition of paUadium on charcoal (10 %, 450g.). The reaction mixture 
was heated to reflux for 1.5 horns, coded to room temperature and then filtered 
through CeUte. All volatiles were evaporated under vacuum, and the resulting solid 
5 was purified via preparative HPLC. The isolated white soKd was taken up in 
ethanol. Hydrogen chloride was added Oarge excess of 2M solution in diethyl ether) 
and the mixture was stirred until it became a clear solution. Then all the volatiles 
were evaporated "in vacuo", to give 147 mg of tiie title compound as white solid. 
NMR (300MHz, CD3OD D4) 6: 2.51-2.61 (d. IH), 2.79-2.91 (t, IH), 2.96-3.09 (m. 
10 IH), 3.09-3.16 (m, IH), 3.32-3.54 (q. 2H). 3.82-3.97 (t, IH), 4.09-4.24 (t, 2H), 
6.73-6.84 (t, IH). 6.93-7.08 (m. 21^, 7.08-7.21 (m, 5H). LCMS (12 minutes 
method) [M+H]*= 336 @ Rt 4.44 min. single major peak. 

Example 19 

^5 Preparation of 2-(2.5-Dimethnxv-DhenvlV1-m ofphQliT>-2.vl-l-phenvl.ethaiinl 
hvdrochloride 



a) H4.BenzyI-morpholin-2-yl)-2-(2^^ethoxy.phenyI)-l.phenyl- 
ethanoL 



20 




The procedure for the syntiiesis of example 18a, l-(4-Benzyl-morphoUn-2. 
yl)-2-(2-chloro-6-fluoro -phenyl)-l-phenyl-ethanol, using 2,5-dimetiioxybenzyl 
magnesium chloride as starting material (available from Rieke Metals) was 
followed making non-criticaJ variations, to yield tiie title compound. This material 
25 was used in step b) without further purification. LCMS (6 minutes metiiod) [M+H]* 
= 434 @ Rt 3.10min. major peak. 



_20(M01B441A1 I ; 
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b) 2K2,5-IMba9^037-phaq^)-l-iiioiphoIi^ 
hydrodiloride. 



The procedure for the synthesis of example 18b, 2-(2-Hiioio-6-chlQio- 
phenyl)-l-morpholm-2-yl-l-pheiiyl-etfaanol hydrochloiide, was followed making 
non-aitical variations, to yield the title compound^H NMR (300MHz> CD3OD D4) 
8: 2.53-2.62 (d, IH), 2.86-3.10 (m, 3H), 3.13-3.27 (m, 2H), 3.36-3.51 (m, 6H), 3.81- 
3.93 (t, IH), 4.024.08 (d, IH), 4.15-425 (d, IH), 6.28-6.33 (s, IH), 6.49-6.64 (m, 
2H), 7.06-7.22 (m, 5H). LCMS (12 minutes mefliod) [M+ig*=344 @ Rt 4.15 min. 
single major peak. 

Rxample 20 

Pieoaration of 2>(2.4-DifluQrD-phenvlVl-morpholin-2-vl-l*phenY ^-ethafinl 
hydrochloride 

a) l-(4*Be&2gi-iwipholiii»2-yl>2^294Hlifhior^ 



yl)-2-<2-chloio-6-fluoro -phrayl)-l-phen^-ettaaQol, using 2,4-difhiQrobeoz:^ 
magnesimn fanimide as starting matmal (available from Rieke Metals) was 
followed making non-critical vaiiatiras, to yield tfie tide conqxiundL Tins material 





llie procedue for the synthesis of example 18a, H4-Benzyl-morpholin-2- 
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was used in step b) without further purification. LCMS (6 minutes method) [M+H]"*" 
= 410 ® Rt 3.19 min. major peak. 

b) 2-(294-])ifluoro-phenyl)-l-moii»holm-2-yl-l-pheny^ 
hydrodiloride. 



The procedure for the synthesis of example 18b, 2-(2-Fluoro-6-chloro- 
phenyl)-l.morpholin-2-yH-phenyl-ethanol hydrochloride, was followed making 
non-critical variations to yield the title compound. NMR (300MHz, CD3OD D4) 
5: 2.48-2.59 (d, IH), 2.87-3.09 (m, 2H), 3.11-3.17 (m, 2H), 3.26-3.38 (m. IH), 3.81- 
3.95 (t, IH), 4.02-4.11 (d, IH), 4.13-4.25 (d, IH), 6.48-6.60 (m, 2H), 7.70-6.98 (m, 
IH) 7.08-7.28 (m, 5H). LCMS (12 minutes method) [M+H1''= 320 @ Rt 4.20 min. 
major peak. 

Bcample 21 

Preparation of 2-f2.6-Dichloro-phenvlVl-ni arDhoHn-2-vl-l-phenvl-ethanol 
hydi^ochloride 

a) l-(4-Benzyl-morphoUn-2-yl>2*(2,6-dichloro-phmyl)-l-phe^^ 



The procedure for the synthesis of example 18a, l-(4-Benzyl-morpholin-2- 
yl>2-(2-chloro-6-fluoro -phenyl>-l-phenyl-ethanol, using 2,6-dichlorobenzyl 
magnesium chloride as starting material (available from Rieke Metals) was 
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followed making non-oitical vanadcms, to yidd fhe title compoond. Hiis matedal 
was used in st^ b) without fisdier purification. LCMS (6 minutes meOiod) [Mh-HT 
= 442 ® Rt 3.49 min. major peak. 

b) 2-(2,6-IKcliloro^heiq^l4noipholin-2*yM"iph»^ 
hydrochloride. 



To a solution of l-(4-BCTzy[-moipholin-2-yI>-2-(2,6-dichloro-phmyl)-l- 
phenyl-ethanol (4S0mg, 1 equiv.) in ethyl acetate (ISmL) at room t^nperatme 
under nitrogen atmosphere was added ammonium formate (1.69 g, 25 equiv.) 
followed by addition of palladium on charcoal (10 %, 4Smg.). The reaction mixture 
was heated to reflux for 3 hour, cooled to room temp^ture and then filtered 
through Celite. All volatiles were evaporated under vacuum, and the resulting solid 
was purified via preparative HPLC. The isolated white solid was taken up in 
ethanol. Hydrogen chloride was added Qarg^ excess of 2M solution in diethyl ether) 
and the mixture was stirred until it became a clear solution. Then all the volatiles 
were ev£q>orated '*in vacuo**, to give 60 mg of the title compound as white solid. 



NMR (300MHz. CD3OD D4) 8: 2.52-2.61 (d, IH), 2.79-2.96 (t, IH), 2.98-3.13 (t, 
IH). 3.15-3.19 (s, IH), 3.56-3.71 (q, 2H), 3.88-4.02 (t, IH), 4.104.21 (d, IH), 4.29- 
4.39 (d, IH), 6.97-7.08 (m, IH), 7.10-7.21 (m. 7H). LCMS (12 minutes method) 
[M +HI'^=:352 @ Rt 4.63 mm. single major peak. 

Example 22 

Preparation of 242^-DichlQro-phenvlVl-mQrphQKn-2-vl-l-phenvl-ethanol 
hyd^ocfrloride 

a) H4-Baia7i-morpholiii-2-yl>-2-(2^-diGiiloro -ph«DyI)-l-phaqrl-etlianoL 




CIH 



BNSOOCtO: <WCL_?0M018441A1.L> 



wo 2004/018441 



-54- 



PCT/US2003/023270 




The proceduie for the synthesis of example 18a, l-(4-Benzyl-morpholiii-2- 
yl>2-(2-chloro-6-fluoro -phenyl)"l-phenyl-ethanol, using 2,5-dichlon)benzyl 
magnesium chloride as starting material (available from Rieke Metals) was 
5 followed making non-^tical variations, to yield the title compound. This material 
was used in step b) without further purification. LCMS (6 minutes method) [M+H]* 
= 442 @ Rt 3.48 min. major peak. 

b) 2-(2^-Dichloro-phenyl)4-morpholin-2*-yl-l-phenyl-ethanol 
10 hydrochloride. 



The procedure for the synthesis of example 21b, l-(4-Benzyl-morpholin-2- 
yl)-2-(2,6-dichloro-phenyI)-l-phenyI-ethanol, was followed making non-cridcal 
variations to the title compound. *H NMDR (300MHz, CD3OD D4) 6: 2.49-2,61 (d, 
15 IH), 2.88.3.11(m, 2H), 3.12^3.24 (m, IH), 3.24-3.35 (m, IH), 3.41-3.53 (d, IH), 
3.82-3.96 (m, IH), 4.04-4.25 (m, 2H), 6.90-7.00 (m, IH), 7.02-7.29 (m, 7H). 
LCMS (12 minutes method) [M+HJ^'s 352@ Rt 4.86 min. major peak 

Example 23 

20 Preparation of 2^2>5-Difluoro-phenvlVl-morphoIin-2-vl-l-phenvl-ethanol 
hydrochloride 

a) l-(4-Benzyl-morpholiii*2-yl)-2-(2^-difluoro -phenyl)-l-pheDyl-ethanoL 




H 



HCI 
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Tte procedure to the synthesis of exanqile 18a, l-(4-B»zyl-mQipholin-2- 
yl)-2-(2-cUoro^fliioio -pheDyl>l-pheayl-tihanol, using 2,S-difluQEObenz^ 
nu^nesium fatomide as starting material (available ficom Rieke M^als) was 
5 followed making non-critical variations» to yield tiie title compound. This material 
was Qsedin stq> b) without further purification. LCMS (6 minutes method) IMfHJ*' 
s 410 @ Rt 3.11 min. maj(Mr peak. 

b) 2-(2^Difliioro-phnyl)-l-morpho]iii-2-^^^ 
10 hydrocUoiide. 



Tlie procedure for the synthesis of eKanq>le 18b» 2-(2-Flu0io-^6-diloro- 
phen)d)-l-moipholin-2-54-l-phenyl-^anol hydrochloride, was followed making 
non-critical variations, to yield the title conqwund^H NMR (300MHz, CD3OD D4) 
15 6: 2.48-159 (d, IH). 2.87-3.09 (m, 2H), 3.11-3.17 (m. IH), 3.26-3.38 (m, 2H), 3.81- 
3.95 (t, IH), 4.02-4.11 (d, IH), 4.13-4.25 (d, IH), 6.62-6.77 (m. 3H), 7.08-7.28 (m, 
5H). LCMS (12 minutes method) [M+H]^= 320 @ Rt 4J2D min. single major peak 

Rif am ple 24 

20 Preparation of 2-(2-^uoio-5-phenvl-phenvlVl-inoipholin-2-vl-l>^envl-etfaano^ 
hydrocldoride 
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a) l-^4-BfflzyKmorpholin-2-yl)-2-(-2-biphenyl*5-flo 
ethanoL 




The procedure for the synthesis of example 18a, l-(4-Ben2yl-morphoIin-2- 
5 yl)-2-(2-chlon>^-fluoro -phenyl)-l-phenyl-ethanol, using 2-phenyl-5-fluorobenzyl 
magnesium bromide as starting material was followed making non-critical 
variations, to yield the title compound. This material was used in step b) without 
further purification. LCMS (6 minutes method) [M+H]* = 468 @ Rt 3.62 min. 
major peak. 

0 

b) 2-(2-Fluoro-5-phenyl-phenyl)-l-morpholin-2-yl.l-phenyl-ethw^ 
hydrochloride. 




HCI 

The procedure for the synftesis of example 18b, 2-(2-Fluoro-6-chloro- 
15 phenyl)-l-moipholm-2-yl-l-phenyI-ethanol hydrochloride, was followed making 
non-critical variations to the title compound. NMR (300MHz, CD3OD D4) 5: 
2.35-2.48 (d, IH), 2.77-2.91 (t, IH), 2.91-3.04 (m, IH), 3.04-3.16 (m, IH), 3.22- 
3.28 (m, IH), 3.30-3.42 (m, IH), 3.66-3.87 (m, 2H), 4.01-4.14 (d, IH), 6.70-6.89 
(m, 5H), 6.98-7.11 (m, 4H), 7.14-7.25 (m, 4H). LCMS (12 minutes method) 
2 0 [M+H]'' = 378@ Rt 5.22 min. major peak . 

Solid Phase Synthesis of Compounds of the Invention 
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Conqpounds of the inventioii wherein Ari is substituted with an aromalic fforsp (i.e. 
pyndyl, thiophen^ and optionally substituted phen^) may be piqpaied by solid 
phase syntiiesis usmg tiie route shown bdow (the black dot iqxresents polystyraie 
xesin). 



5 




The sequence is pfefiembly perfonned on a polystyrene resin, witiiout 
chaiactmsatian of the lesin-bound inteimediates. 

10 i) Ahquots(S2nig»0.0Snmiole8)ofp-nitrophenylcaibonateiesin^ova^ 

wete disposed into 4^ ml MiniBlock reaction tubes (Mettier-Toledo)* To each 
lesin was added DMF (0.S ml) f oUowed by a 0.2M solution of 2-(2-bconio- 
phmyl)-l-moi^lin-2-yl-l-phrayl-etfaanol in DMF {05 ml, 0.1 mmoles). The 
tubes woe sealed and agitated by ocbital shaking for 24 his. Ibe xesins were 

15 then filtered and wasted with DMF (3 X 1.0 ml), a solution of 

diisopiopyletii]4amine (0.25 ml) in DMF (1-0 ml) and finally DMF (4 x 1.0 ml). 

ii) To each lesin was added a 2M solution of an optionally substituted aiyl boronic 
add in DMF (0.S ml, 1.0 mmoles), a O.SM solution (rftnphenylphosphitte in 
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DMF (0.2 ml, 0.1 mmoles), a 0.25M solution of Pd(II) acetate in DMF (0.2 ml, 
0.05 mmoles) and a 1.25M solution of caesium carbonate in water (0.1 tnl, 
0.125 mmoles). The tubes were sealed, agitated by orbital shaking and heated at 
80° for 20 hrs. The reactions were then cooled to ambient temperature and the 
5 resins washed with DMF (2 x LO ml), MeOH (3 x 1.0 ml) and DCM (4 x 1.0 
ml). 

iii) To each resin was added a TFA/H2O mixture (95:5 v/v, 1 ml). The tubes were 
sealed and agitated by orbital shaking for 6 hrs. The reactions were filtered and 

1 0 washed with DCM (2x2 ml). Appropriate filtrates and washings were 

combined and volatile components removed by vacuum evaporation. Each 
residue was dissolved in MeOH (1 ml) and the solutions applied to MeOH- 
washed SCX-2 cartridges (0.5 g/3.0 ml) (Jones Chromatography). After 
draining under gravity the cartridges were washed with MeOH (2.5 ml) and the 

15 products tiien elated using a 2M solution of ammonia in MeOH (2.5 ml). 

Removal of volatile components by vacuum evaporation gave the desired 
products which were purified by preparative LCMS. 

By this means were pzepaied: 

20 

Example 25 

2-(4*-mediyl-biphenyl-2-yl)-l-morpholin-2-yH-phenyl-ethanol, RT (6 min 
gradient) 3.11 min, [M+H]'* 374.2 

25 Example 26 

2-(4*-cMoro-biphenyl-2-yl)-l-morpholin-2-yUl.phenyl-ethanol, RT (6 min gradient) 
3.36 min, IM+H]^ 394.2 

Example 27 

3 0 2-(4'-methoxy-biphenyl-2-yl)-l-morphoUn-2-yH-phenyl-etiianol, RT (6 min 
gradient) 3.37 min, [M+H]* 390.2 
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Hyainple28 

2^3*41uoEn>-lnidimyl-2-^>l-mQiph^ RT (6 min ffa&ait) 

339 mm. [M+HT 378.4 

5 Example 29 

2K3*<Uaio-biphra^-2-yl>l-mQri^]m-^^^ RT (6 min gradient) 

3^3 min. [M+HT 394.4 

10 2^'-medioxy-Uphenyl-2-yl)-l-moipholin-2-yl-l-phen)i-^^ RT (6 min 
gradient) 331 min, 390.4 

2<3-methyl-biphenyl-2-yl>l-morpholin-2-yl-l-phOTyl-^thanol, RT (6 min 
15 gradient) 3.45 min, [M+H]* 374.4 

Example 32 

2<3*.5'-<iichloro-hiphenyl-2-yl)-l-inorpholin-2-yi-l-ph^ RT (6 min 

gradient) 3.71 min. [M+Hf 4283 

20 

Example 33 

2<2\4'-4imethyI4>ipbCT^-2-yl)-lHnQipho]in-2^yl-l-phenyi-«ti^ RT (6 min 
gradient) 3.S9 min. [M+Hj'^ 388.4 

25 pjcam ple 34 

2-(2\4*-dinaetfioxy-biphenyl-2-yI)-l-maipholin*2^^^ RT (6 min 

gtadimt) 333 min. [M+HT 420.4 

Ryam ple 35 

3 0 l-mQipholin-2-yl-l-phray^2<2-pyridin-3-yl-phenyl)<th^ RT (6 min gradimt) 
2.17 min. IM+HJ* 361.4 
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Example 36 

1- mQipholin-2-yl-l-phenyI.2-(2-thiopben-3-yl-phen^^ 3.25 min, [M+H]* 
366.4 

5 Examples? 

2- (3\4-dicWoro-biphenyl-2-yl)-l-morpholm-2-yl-l-phenyl^^ RT (6 min 
gradient) 3.56 min, [M+H]"** 428.1 

The phannacological profile of the present compounds may be demonstrated 
10 as follows. All of tfie exemplified compounds above have been found to exhibit a 
Ki value less than 50QnM at the norepinephiine transporter as determined using the 
scintillation proximity assay described below. Further more, all of the exemplified 
compounds above have been found to selectively inhibit the norepinephrine 
transporter relative to the serotonin and dopamine transporters by a factor of at least 
1 5 five using the scintillation proximity assays as described below. 

Generation of s table cell-lines expressing the human dop ami ne, norepinephrine and 
serotonin transporters 

2 0 Standard molecular cloning techniques were used to graerate stable cell- 

lines expressing the human dopamine, norepinephrine and smtonin transporters. 
Hie polymerase chain reaction (PGR) was used in order to isolate and an^lify each 
of the three full-lengfli cDNAs from an approioiate cDNA library. Primers for PGR 
were designed using the following published sequence data: 

25 

Human dopamine transporter: GenBank M95167. Reference: Vandenbergh 
DJ, Persico AM and Uhl GR. A Ituman dopamine transporter cDNA predicts 
reduced glycosylation, displays a novel repetitive element and provides racially- 
dimorphic TaqlKFLPs. Molecular Brain Research (1992) volume 15, pages 161- 
30 166. 
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Human norepmq>hhne transporter GenBank M6S10S. Reference: 
Pacholczyk T, Blakely, RD and Amara SG. Expression cloning of a cocaine' and 
antidepressant'Sensitive human noradrenaline transporter. Nature (1991) volume 
350, pages 350-354. 

5 

Human serotonin transports GenBank IJ05568. Reference: Ramamoorthy 
S, Bauman AL, Moore KR, Han H, Yang-F^ng T, Chang AS> Ganapathy V and 
Blakely RD. Antidepressant- and cocaine-sensitivekuman serotonin transporter: 
Molecular cloning, expression, and chromosomal locedization. Proceedings of the 
1 0 National Academy of Sciences of the USA (1993) volume 90, pages 2542-2546. 



T^e PGR products were cloned into a mammalian expression vector (eg 
pcDNAS.l (Invitrogen)) using standard ligation techniques. The constructs were 
then used to stably transfect HEK293 cells using a conunennally available 
15 lipofection rea^t (lipofectamine™ - Invitrogen) following the manufacturers 
protocol. 



ScintiUation proximity assays for detKmining the affinity of test lisands at the 
norepmephrine transporter. 

2 0 The compounds of the present invention are non^inephrine reuptake 

inhibitors, and possess excellent activity in, for exanqile, a scintillation proximity 
assay (e.g. J. Gobel, DI^ Saussy and A. Goetz, J. Pharmacol. Toxicolo. (1999), 42, 
237-244). Thus ^-nisoxetine binding to norepinephrine re-uptake sites m a cell line 
transfected with DN A encoding human norepinephrine transporter binding protein 

25 has been used to determine the affinity of ligands at the norepinephrine transporter. 



Membrane Preparation: 

Cell pastes from large scale production of HEK-293 cdls expressing cloned 
human norepinephrine transporters were homogenized in 4 volumes 5QmM Tns- 
30 HC3 containing 30()mMNaCl and 5rnMKCl,pH 7.4. The homq^ate was 

centrifiiged twice (40»000g, IQmin, 4^C) with pellet re-suspension in 4 volumes of 
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Tris-HCl buffer containing the above reagents after the first spin and 8 volumes 
after the second spin. The suspended homogenate was centrifuged (lOOg, IQmin, 
4**C) and the supernatant kept and re-centrifaged (40,000g, 20min, 4°C). The pellet 
was lesuspended in Tris-HCl buffer containing the above reagents along with 
5 10%w/v sucrose and 0 JmM phenylmethylsulfonyl fluoride (PMSF), The 

naembrane preparation was stored in aliquots (1ml) at -80''C until required. Hie 
protein concentration of the membrane preparation was detennined using a 
bicinchoninic acid (BCA) protein assay reagent kit (available from Pierce). 

1 0 [^-Nisoxetine Binding Assay: 

Each well of a 96 well microtitre plate was set up to contain the following: 
SOjjl 2nM IN-methyl-^-Nisoxetine hydrochloride (70.87Ci/mmol, from NEN 
life Science Products) 

75m1 Assay buffer (50mM Tris-HCl pH 7.4 containing 300mM NaCI and 5mM 
15 KCl) 

25^41 Test compound, assay buffer (total binding) or lOjuM Desipramine HCl 

(non-specific binding) 
50|j1 Wheatgenn agglutinin coated poly (vinyltoluene) (WGA PVT) SPA Beads 

(Amersham Biosciences RPNQOOOl) (lOmg/ml) 

2 0 SOfil Membrane (0.2mg protein per ml) 

The microtitre plates were incubated at room temperature for 10 houis prior 
to reading in a Trilux scintillation counter. The results were analysed using an 
automatic spline fitting programme (MuWcalc, Packard, Milton Keynes, UK) to 
provide Ki values for each of the test compounds. 

25 

Serotonin Binding Assay 

The ability of a test compound to compete with [^H]-citalopram for its 
binding sites on cloned human serotonin transporter containing membranes has 
been used as a measure of test compound ability to block serotonin uptake via its 

3 0 specific transporter (Ramamooithy, S., Giovanetti. E., Qian, Y.. Blakely, R., (1998) 

J. Biol. Chem. 273, 2458). 
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Miembtane Pieparadon: 

Membrane [ m sp ai al i on is essmtially similar to that for the norepiDephxine 
transporter containing membranes as described above. Hie membrane preparation 
5 was stored in aliquots(lml) at -70% mitil required. The protdn concentration of 
ttie membrane prq[>aration was detemoined using a BCA protein assay reag^t kit 

[^-Citalopram Binding Assay: 

Each well of a 96 well microtitre plate was set up to contain the following: 
10 SOfil 2nM [^-atalopram (60-86Ci/mmol, Am^sham Biosciences) 

7Sfil Assay buffer (SOmM Tris-HQ pH 7.4 containing ISQmM NaQ and SmM 
KQ) 

2S)il Diluted compound, assay buffer (total binding or 100|iM Fluoxetine (non- 
specific binding) 
15 SOpl WGA PVT SPA Beads (40mg/ml) 

SO^I Membrane preparation (0.4mg protein per ml) 

Ibe microtitre plates were incubated at room temperature for 10 hours prior 
to reading in a Trilux scintillation coimter. Tlie results were analysed using an 
automatic spline fitting programme (Multicalc, Packard, Mlton Keynes, UK) to 
20 provide Ki (nM) values for each of the test compounds. 

Dopamine Bimtinp Assay 

The ability of a test compound to compete with [^-WIN3S,428 for its 
binding sites on human cell membranes containing cloned human dopamine 
2 5 transporter has been used as a measure of the ability of such test compounds to 

block dopamine uptake via its specific transporter (Ramamoorthy et al 1998 supra). 

Merubrane Pr^aration: 

Is essentially the same as for membranes containing cloned human s^tonin 
30 transporter as described above. 
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[^H].W1N35,428 Binding Assay: 

Each well of a 96well microtitre plate was set up to contain the following: 
50m1 4nM [^H]-WIN35,428 (84-87Ci/mmol, from NEN Ufe Science Products) 

75fil Assay buffer (50mM Tris-HCl pH 7.4 containing 150mM NaCl and 5mM 
5 KQ) 

25mJ Diluted compound, assay buffer (total binding) or lOOfiM Nomifensine 

(non-specific binding) 
50m1 WGA PVT spa Beads (lOmg/ml) 
50|il Membrane preparation (0,2mg protein per ml.) 
10 The microtitre plates were incubated at room temperature for 120 minutes 

prior to reading in a Trilux scintillation counter. Hie results were analysed using an 
automatic spline fitting programme (MuWcalc, Packard, Milton Keynes, UK) to 
provide Ki values for each of the test compounds. 

15 Acid Stability 

The add stability of a compound according to the present invention was 
determined as a solution in buffer at 6 different pH values (HCl O.IN, pH 2, pH 4, 
pH 6, pH 7, and pH 8) at 4(fC over a time course of 72 hours. Samples were taken 
at the beginning of the study and after 3, 6 and 24 hours and analysed by capillary 

2 0 electrophoresis. The original sample used in this study contained 0.8% of the 

undesired epimer as internal standard. The samples taken at the different time points 
during the study did not show any significant change in the percentage of the 
undesired epimer. Hiis assay confirms that compounds of the present invention are 
chemically and configurationally stable under acidic conditions. 

25 

In Vitro Determination of the Interactjon of compounds with CYP2D6 in Hiiman 
Hepatic Microsomes 

Cytochrome P450 2D6 (C YP2D6) is a manamalian enzyme which is 
commonly associated with the metabolism of around 30% of pharmaceutical 

3 0 compounds. Moreover, this enzyme exhibits genetic polymorphism, resulting in the 

presence of both normal and poor metabolizers in the population. A low 
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in volviemrait of CYP2D6 in the metabolism of conqioiiiids (i*e. die oompoufld being 
a poor substnttB of cnnP2DQ is desirable in or^ 

subject to subject in die phamiacokmetics of the coiz^oimd. Also, compoands with 
a low inhihilntcff potential for Cyp2D6 aie desirable in oider to avoid diug-diug 
. 5 interactions wiflioo-^dininistQD^ drags duut am subsd^ Compounds 
may be tested both as substrates and as inhiUtois oS dus enzymie by means of the 
following assays. 

CYP2D6 substrate assay 
10 Prnu^le: 

This assay d^enhmes the extent of the CyP2I>6 razyn^ 
total oxidative metabolism of a confound in nuciosom^ 
the inesent invention exhibit less dian 75% total metdiolism via the 
paAway. • 

15 Fbr this in >dtioassay,.the extent of oxidative metabolism in hui^ 

miciosomes (HUyQ is detennined aft^ a 30 mhmte in^ 

presence of Quimdme, a specific chemical inhibitor of CYP2D6. The di£Gaence in 

the extent of m^aholism in absence and piesCTce of the inhibitor indicates the 

involvement of Crn^6 in the metabolism of the compound 
20 , 

Materials and M^ods: 

Hunian Uver microsomes (muctute of 20 different don^^ 

were acquired fnnn Human Biologies (Scottsdale» AZ, USA). Quinidine and 

P-NADPH O-Nicotinamide Adenine Dinucleotide Phosphate, reduced form, 
25 tettasodium salt) were purchased fiom Sigma (St Louis, MO, USA). All die ottier 

leag^ts and solvents were of malytical grade. A stock solution of the new chemical 

entity (NCE) was prq>ared in a mixture of Acetonitrile/W ater to reach a final 

concentration of acetonitiile in the incubation below 0^%. 
The microsomal incubation mixture (total v^^ 
3 0 NCE (4 fiM), ^NADFH (1 m&^, microsomal proteins (0.5 m^mL), and (Jumidine 

(0 or 2iiM) in 100 ihM socfium pho^diate buf^ 

ixicttbaled for 30 ininutes at'37 in a shaldn^ 
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10 



15 



temiinated by the addition of acetonitrile (75 (iL). The samples were vortexed and 
the denaturated proteins were removed by centrifiigation. The amount of NCE in the 
supernatant was analyzed by Uquid chromatography /mass spectrometry (LCVMS) 
after addition of an intemal standard. A sample was also taken at the start of the 
incubation (t=0), and analysed similarly. 

Analysis of the NCE was performed by Uquid chromatography /mass 
spectrometry. Ten /iL of diluted samples (20 fold dilution in the mobile phase) were 
injected onto a Spherisorb CN Column, 5 and 2.1 mm x 100 mm (Waters corp. 
Milford. MA, USA). The mobile phase consisting of a mixture of Solvent 
A/Solvent B, 30/70 (v/v) was pumped (Alliance 2795, Waters corp. Milfor4 MA, 
USA) through the column at a flow rate of 0.2 ml^ninute. Solvent A and Solvent B 
were a mixture of ammonium formate S.IO'^ M pH 4.5/ methanol in the proportions 
95/5 (v/v) and 10/90 (v/v), for solvent A and solvent B, respectively. The NCE and 
the intemal standard were quantified by monitoring their molecular ion using a mass 
spectrometer ZMD or ZQ (Waters-Micromass corp, Machester. UK) operated in a 
positive electrospray ionisation. 

TTie extent of CYP2D6 involvement (% of CYP2D6 involvement) was 
calculated comparing the extent of metaboKsm in absence and in presence of 
quinidine in the incubation. 

The extent of metabolism without inhibitor (%) was calculated as foUows: 

(NCEn^sponseto samples ^aout inhibitor)t«.eO.(NC Er^nsei, sana)les without mhibitorMme30 

(NCE responsein^ ^"100 

The extent of metabolism with inhibitor (%) was calculated as foUows: 

25 (NCEiesponseinsamples '»<lhoutiiihi Mtor)timeO.(NCEiesponsein saniples wilhinhM 

(NCE response in sanqiles without inlttbitor)toBO ^'^ 

Where the NCE response is the area of the NCE divided by the area of the intemal 
standard in the LC/MS analysis chromatogram. timeO and timeSO correspond to the 
0 and 30 minutes incubation time. 
30 The % of CYP2D6 involvement was calculated as follows : 



20 
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(%exteptof metabolism without iDhiMtor)-(%e^ metabolism with inhibitor) ^^^^ 
% extent of metabolism without inhibitor 

CYP2D6 inhibitor assay 
Principle: 

5 The CYP2D6 inhibitor assay evaluates the potmtial for a compound to 

inhibit CYP2D6. Ihis is perf onned by the measuiement of the inhibition of the 
bufuialol r-hydioxylase activity by Ae compound compared to a control. Hie 1*- 
hydroxylation of bufuialol is a metabolic reaction specific to CYP2D6. Preferred 
compounds of the present invention exhibit an IC50 higher than 6 for CYP2D6 
10 activity, the ICso being the concentration of the compound that gives 50 % of 
inhibition of the CYP2D6 activity. 

Material and m^ods: 

Human liver microsomes (mixture of 20 different donors, mixed gender) 
15 were acquired firom Hunoan Biologies (Scottsdale, AZ). ^-NADFH was purchased 
from Sigma (St Louis, MO). Bufixralol was purchased from Ultrafine ^fanchester, 
UK). All the ottier reagents and solvents wm of analytical grade. 

Microsomal incubation mixture (total volume 0.1 mL) contained bufuralol 
10 /iM, P-NADPH (2 mM), microsomal proteins (0.5 mg/mL), and the new 
2 0 chemical entity (NCE) (0, 5, and 25 /iM) m 100 mM sodium phosphate buffer pH 
7.4. The mixture was incubated in a shaking waterbath at 37 ^^C for 5 minutes. The 
reaction was terminated by the addition of methanol (75 /xL). The samples were 
vortexed and the denaturated proteins were removed by centrifugation. The 
supernatant was analyzed by liquid chromatography coimected to a fluorescence 

2 5 detector. The formation of the T-hydroxybufuralol was monitored in control 

samples (0 /xM NCE) and in the samples incubated in presence of the NCE. The 
stock solution of NCE was prepared in a mixture of AcetonitcileA^Tater to reach a 
final concentration of acetonitiile in the incubation below 1.0%. 

3 0 The det^mination of 1 'hydroxybufiiralol in the samples was performed by 

liquid chromatograhy with fiuoiimetnc detection as described below. Twenty five 
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fiL samples were injected onto a Chromolith Petfonnance RP-18e column (100 mm 
X 4,6 nun) (Merck KGAa, Darmstadt, Germany). The mobile phase, consisting of a 
mixture of solvent A and solvent B whose the proportions changed according the 
following linear gradient, was pumped through the column at a flow rate of 1 
5 ml/min: 



Time (minutes) 


Solvent A {%) 


Solvent B (%) 


0 


65 


35 


2.0 


65 


35 


2.5 


0 


100 


5.5 


0 


100 


6.0 


65 


35 



Solvent A and Solvent B consisted of a mixture of 0.02 M potassium 
dihydrogenophosphate buffer pH3/ methanol in the proportion 90/10 (v/v) for 
solvent A and 10/90 (v/v) for solvent B. The run time was 7.5 minutes. Formation 
10 of r-hydroxybufuralol was monitored by fluorimetric detection with extinction at X 
252 nm and emission at X 302 nm. 

The ICso of the NCE for CYP2D6 was calculated by the measurement of the 
percent of inhibition of the formation of the I'-hydroxybufuralol in presence of the 
15 NCE compared to control samples (no NCE) at a known concentration of the NCE. 

The percent of inhibition of the formation of the r-hydroxybufuralol is 
calculated as follows: 

(r-hydtD3qfbiifuralolfonned without inhibitor) -(r4iydroxybufuralol formed with inhibitor) 
(I'-hydrojgrbufuralol area f<Miiied witiiout inhibitor) 

2 0 The IC50 is calculated from the percent inhibition of the formation of the 1 

hydroxybufuralol as follows (assuming competitive inhibition): 

NCE Concentration x(l0Q- Percent of inhibition) 
Percent of inhibition 
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Die IC50 estimatioD is assumed valid if inhibition is between 20% and 80% 
O^oody GC. GnfBn SJ, Mather AN, McGinnity DF. Riley RJ. 1999. PuUy 
^iitAiP****^ analysis of activities catalyzed by die major human livar cytochrome 
5 P450 (CYP) enzymes: assessment erf human CYP inhibition potmtial. Xenobiotica, 
29(1): 53-75). 
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CLAIMS 
1 . A compound of f onnula (J) 




5 wherein 
Rx is H; 

RyisHorCi«-C4alkyl; 
each Rz is independently H or C1-C4 alkyl; 
X rcpiesents O; 
10 Y represents OH or OR; 
R is C1-C4 alkyl; 

Ari is a phenyl ring or a 5- or 6-membered heteroaryl ring each of which may be 
substituted with 1, 2, 3, 4 or 5 substituents (depending upon the number of available 
substitution positions) each independently selected from C1-C4 aUcyl, 0(Ci-C4 
15 alkyl), S(Ci-C4 alkyl), halo, hydroxy, pyridyl, thiophenyl and phenyl optionally 
substituted with 1, 2, 3, 4 or 5 substituents each indq)endently selected from halo, 
C1-C4 alkyl, or 0(Ci-C4 alkyl); and 

Ar2 is a phenyl ring or a 5- or 6-membered heteroaryl ring each of which may be 
substituted with 1, 2, 3, 4 or 5 substituents (depending upon the number of available 
2 0 substitution positions) each independently selected from C1-C4 alkyl, 0(Ct-C4 
alkyl) and halo; 

wherein each above-mentioned C1-C4 alkyl group is optionally substituted with one 
or more halo atoms; 

or a phannaceutically acceptable salt thereof. 

25 

2. A compound as claimed in claim 1 wherein: 
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At] is jheayl^ pyric^t pyximid^ ttuazol^, isotfaiazol^ oxazol]i, isoxazolj^ 
tfaioidirayl, foran^, imidazolyl, tiiazolyl, oxadiazolyl or tfaiadiazolyl, eadi of iKduch 
may be substituted with 1 , 2, 3 , 4 or S substituents (depoiding i^on the number of 
available substitution positions) each independently selected ftom CX-C4 alkyl, 
5 p(Ci-C4 all^), S(Ci-C4 alkyl), halo, hydroxy, pyridyl, thiophraiyl and phenyl 
optionally substituted with 1, 2, 3, 4 or 5 substiturats eadi indqiendently selected 
ficom halo, C1-C4 alk^ or 0(Cx-<:4 alkyl); and 

A12 is phen^, pyiid^, pyximidyl, tfaiazolyl, isothiazolyl, oxazoljd, isoxazolji, 
tfaiophenyl, furanyl, inddazolyl « ttiazolyl each of which may be substituted with 1, 
10 2, 3, 4 or S substitumts (dq)ending upon the number of available substitution 

positions) each independeiifly selected from C1-C4 allcyl, 0(Cx'<::4 alkyl) and halo; 
wherein each abov&-maitioned C1-C4 alkyl group is optionally substituted with one 
or more halo atoms. 

15 3. A compound as claimed in claim 1 or claim 2 wherein: 

Arj is unsubstituted phenyl or phenyl substituted with 1, 2, 3, 4 or 5 substituents 
each independently selected from C1-C4 alkyl, 0(Ci-C4 alkyl), S(Ci-C4 alkyl), 
halo and phenyl optionally substituted with halo, C1-C4 alkyl, or 0(Ci-C4 alkyl); 
and 

20 Ar2 is unsubstituted phenyl or phenyl substituted with 1, 2, 3, 4 or 5 substituents 
each independmtly selected from C1-C4 alkjd, 0(Ci-C4 alkjd) and halo; 
wherein each above-mentioned C1-C4 all^l group is optionally substituted with 01^ 
or more halo atoms. 

25 4. A compound as clain^ in any oEie of the preceding claims, 

lepiesented by the formula (D) 
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R3 



cn) 



10 



whaein Rj and R2 are each independently selected from H, CX-C4 allg^l, 0(Ci-C4 
alkyl), S(Ci-C4 alkyl), halo and phenyl; and 
R3 is selected from H, CX-C4 alkyl and halo; 

wherein each above-mentioned C1-C4 dSkyl group is optionally substituted with one 
or more halo atoms; 

or a phaimaceutically accqitable salt tfaeieof. 

5. A compound as claimed in claim 4, wh^in Ri is selected from Ci- 
C4 alkyl, 0(Ci<;4 alkyl), F and Ph wherein each above-mentioned C1-C4 allq^l 
group is optionally substituted with one or more halo atoms. 

6. A compound as claimed in claim 4 or claim 5, wherein R2 is H or R 

7. A compound as claimed in any one of claims 4 to 6, wherein R3 is 



8. A compound as claimed in any one of the preceding claims, wherein 
Arl includes a substituent attached at the 2-positioiL 



20 



A compound of the formula 




H 
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or a phannaceuticany accq)table salt thereof. 
10. A compound of the fotmula 




5 or a phannaoeaticallyaccqytable salt thereof. 
11. A compound of the fonnula 




or a pharmaceutically acceptable salt thereof. 
12. A compound of the formula 




or a pharmaceutically acceptable salt thereof. 

15 13. A compound as claimed in any one of claims 1-12, for use as a 

pharmaceutical. 

14. A compound as claimed in any one of claims 1-12, for use as a 
selective inhibitor of the reuptake of norepinephrine. 

20 
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15. The use of a compound as claimed in any one of claims 1-12, for 
treating a disorder associated with norepinephrine dysfunction in mammals. 

16. The use of a compound as claimed in any one of claims H2, for the 

5 manufacture of a medicament for treating a disorder associated with nojtepinep^ 
dysfunction in mammals. 

17. A method for selectively inhibiting the reuptake of norepinephrine in 
mamnaals, comprising administering to a patient in need thereof an effective amount 

10 of a compound as claimed in any one of claims 1-12, or a pharmaceutically 
acceptable salt thereof. 

18. A method for treating disorders associated with norepinephrine 
dysfunction in mammals, comprising administering to a patient in need thereof an 

1 5 effective amount of a compound as claimed in any one of claims 1-12, or a 
pharmaceutically acceptable salt thereof. 

19. A method or use as claimed in any one of claims 15, 16 and 18, 
wherein the disorder is selected from nervous system conditions selected from the 

2 0 group consisting of an addictive disorder and withdrawal syndrome, an adjustment 
disorder (including depressed mood, anxiety, mixed anxiety and depressed mood, 
disturbance of conduct, and mixed disturbance of conduct and mood), an age- 
associated learning and mental disorder (including Alzheimer's disease), alcohol 
addiction, anorexia nervosa, apathy, an attention-deficit disorder (ADD) due to 

2 5 general medical conditions, attention-deficit hyperactivity disorder (ADHD), bipolar 

disorder, bulimia nervosa, chronic fatigue syndrome, chronic or acute stress, 
cognitive disorders including mild cognitive impairment (MCI) and cognitive 
impairment associated v^th schizophrenia (CIAS), conduct disorder, cyclothymic 
disorder, dementia of the Alzheimers type (DAT), depression (including adolescent 

3 0 depression and minor depression), dysthymic disorder, emotional dysregulation, 

fibromyalgia and other somatoform disorders (including somatization disorder, 
conversion disorder, pain disorder, hypochondriasis, body dysmorphic disorder. 
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undifFiraneiitiatBd soxnatof onn disorder, and somatof oxm NOS), genmtHzed anxiety 
disoid^, hypotensive states inclodingortfaosla^ incontinCTce (ix., 

stress incontumce, g^uine stress incontinence, and mixed incontinence), an 
inhalatioQ disorder, an intoxication disorder, mania, migraine headadies, 
5 neuropadiic pain, nicotine addiction, obesity (i.e., reducing the weight of obese or 
overwdg^t patients), obsessive compulsive disorders and related spectrum 
disorders, oppositional defiant disorder, pain including chronic pain, neuropathic 
pain and antinociceptive pain, panic disorder, peripheral nemopattiy, post-traumatic 
stress disorder, prem^istrual dysphoric disorder (i.e., premenstrual syndrome and 

10 late luteal phase dysphoric disorder), psoriasis, psychoactive substance use 
disorders, a psychotic disorder (including schizophrenia, schizoaffective and 
schizophrooiform disorders), seasonal affective disorder, a sleep disorder (such as 
narcolepsy and enuresis), social phobia (including social anxiety disorder), a 
specific developm^tal disorder, selective serotonin reuptake inhibition (SSRI) 

1 5 '^poop out" syndrome (i.e., wherein a patient who fails to maintain a satisfactory 
response to SSRI therapy after an initial period of satisfactory response), ITC 
disorders (e.g., Tourette's Disease), tobacco addiction and vascular dementia. 

20. A method or use as claimed in any one of claims 15, 16 and 18, 
2 0 wherein the disorder is attration deficit hyperactivity disorder, ADHD. 

21. A method or use as claimed in any one of clainos IS, 16 and 18 
wherein the disord^ is schizophrenia. 

25 22. A pharmaceutical composition comprising a compound as claimed in 

any one of claims 1-12, or a pharmacoitically acceptable salt thereof, together with 
a {^larmaceutically accqytable diluent, excipient or carrier. 

23. A con^und of formula (TV) 
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Rz 
Rz 



Rz I Rz 

pg 

(TV) 

wheim Pg iqnesents an N-protecting group and all odier variables are as defined 
for fotmnia CD in claim 1. 
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